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ABSTRACT 
The present study was undertaken using three chemical mutagens 
viz: ethyl methane sulphonate (EMS), sodium azide (SA) and hydrazine 
hydrate (HZ) on two varieties viz;PU-l 9 and T-9 of urdbean(Hgw« nntngo 
(L.) Hepper) to explore the possibility of inducing genetic variabilit>' for 
nine quantitative traits namely days to flowering, plant height, days to 
maturit>, fertile branches/ plant, pods/ plant, pod length,seeds/pod, 100-
seed weight and total plant yield. The other aspects of the study were (i) 
estimation of biological damage caused in Mj generation (ii) effectiveness 
and efficiency of chemical mutagens used (iii) frequency and spectrum 
of chlorophyll and morphological mutants (iv) estimation of variance 
(genetic and non- genetic), heritability and genetic advance (v) screening 
of high yielding mutants and estimation of their seed protein content in 
M, generation. 
The biological damage caused in M^ generation in the form of 
immediate effect on germination, seedling height,pollen fertility and plant 
sur\i\'al at maturit>^ increased with the increasing mutagenic concentrations. 
FrequencN' of meiotic aberrations induced by mutagens was found to be 
maximum with EMS followed by HZ treatments. Variety T-9 was found 
to be more sensitive than variety PU-I9. Anamolies in cotyledonar>' and 
foliage leaves were also recorded, their frequency being maximum in HZ 
treatment followed by EMS and SA. 
A wide spectrum of chlorophyll deficient mutants was observed in 
the mutagenized population, 'xantha', followed by 'chlorina' types being 
predominant. HZ induced chlorophyll mutations in maximum frequency. 
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In general, HZ proved to be the most effective and efficient mutagen 
followed by EMS with regard to seedling injury (MfA) and pollen sterility 
(Mf/S), while with respect to meiotic chromosomal abnormalities (Mf/ 
Me), the order of efficiency was SA>HZ>EMS. 
Certain mutants showing variation in morphological features were 
obtained in the mutagen treated population, their frequency being 
maximum in HZ followed by EMS treatments. Variet>^ PU-19 showed 
greater frequency of such mutants than var. T-9. 
Attempts were made to ascertain the effect of mutagenic treatments 
on mean and coefficients of variation in Mj itself. Average mean for 
most of the quantitative traits remained unchanged. The exceptions were 
noticed in M^ generation where both, positive and negative shift in mean 
values was observed. Mean shifted in negative direction in case of the 
traits like days to flowering, plant height and days to maturity. Although 
the shift in mean values for yield and its component traits was bi-directional 
in M^, there was a complete positive trend of shift in M3 generation. The 
genotypic coefficient of variation, heritability and genetic advance were 
substantially enlarged for quantitaive traits in M^ and M3 generation. 
Mutants displaying superiority in performance for seed yield per 
plant were evaluated in order to find out the selection response in M^ 
generation. The mutants exhibited increased number of fertile branches, 
pods / cluster, pods / plant and 100-seed weight. Estimates of PCV, 
GCV, heritabilit>' and genetic advance for yield components had inreased 
manifold in comparison to control and rest of the M^ population. 
A positive and significant correlation was observed between pods / 
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per plant and total plant yield in the mutant lines. Seed protein content 
showed a slight increased in almost all the isolated M3 mutants. The 
mutants showed negative correlation between total plant yield and seed 
protein content. 
It can be concluded that moderate concentrations of chemical 
mutagens used in the present investigation proved to be more efficient in 
generating polygenic variability than the higher concentrations; the latter 
induced high genetic damage via genotoxicity and lethality in the two 
varieties of urdbean. 
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Chapter - 1 
INTRODUCTION 
1.1 General account 
Grain legumes, commonly known as pulses, occupy a pivotal 
position in meeting the protein needs of masses in the developing 
countries like India. These have proved to be nutrient dense food 
stuffs especially the source of vegetable proteins. The total area 
under pulses in India remained virtually stagnant (22-24 million 
hectares) with almost stable production (12-14 million tonnes) 
over the last four decades. Pulse production peaked during the 
year 1996-97 when production touched 14.4 mil l ion tonnes, 
surpassing for the first time the previous peak production of 14 
million tonnes achieved in 1994-95 which still remains the lowest 
mark among foodgrains (Table 1) 
Tablel: Trends in production of foodgrains in 1992-98 
Crop 1991-92 92-93 93-94 94-95 95-96 96-97 97-98 
(million tonnes) 
Rice 74.7 72.9 80.3 81.8 77.0 81.3 83.5 
Wheat 55.7 57.2 59.8 65.8 62.1 69.3 66.4 
Coarse Cereals 26.0 36.6 30.8 29.9 29.0 34.3 31.1 
Pulses 12.0 12.8 13.8 14.0 12.3 14.4 13.1 
Source: Economic Survey (India), 1997-98. 
With the population growing at a rapid rate, the stagnation 
in pulse production has meant a severe decl ine in per capita 
availability- a matter of serious concern in a country where pulses 
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are the major source of protein for most of the people. According 
to the latest economic survey, the per capita availability per day 
has declined from a peak of 70 grams achieved in 1956 to 38 
grams in 1998. A solution to the problem of declining per capita 
availability has, therefore, to come from a rapid improvement in 
indigenous production levels. 
Low yield, high yield variability arising partly from the susceptibility' 
of the crops to diseases and pests and the absence of an affective 
mechanism to ensure remunerative returns to the farmers ha\ e all led to a 
marked reluctance on their part to grow pulses on any but marginal lands. 
The strategy followed in the case of wheat and rice, where technological 
breakthroughs have achieved in developing high yielding varieties needs 
to be introduced in the case of pulses. While efforts have been geared 
up to bring additional area under pulses, more important is to double the 
production by exploiting yield potential of the existing varieties through 
genetic manipulation. 
Besides their nutritional value, pulse crops are endowed with 
unique property of maintaining and restoring soil fertility through 
biological nitrogen from the atmosphere. The leguminous crops 
add more nitrogen to our soils than the total fertilizer nitrogen 
produced in the country. Since urdbean or black gram belongs to 
the leguminous group of plants , it too shares this advantage . 
Urdbean also possesses a deep penetrating root system which 
enables it to utilize the limited available moisture content more 
efficiently than many other crops including cereals and also contributes 
substantially to the loosening up of the soil. Because of this, farmers 
choose to grow urdbean under highly diversified conditions. 
Urdbesin (Vigna mungo (L.) Hepper) also known as black gram is 
grown all over South East Asia.In India it is mostly grown as a kharif 
crop. The crop prefers water retentive stiff or heavy soil and does well 
on both, black cotton soils and brown alluviums with pH ranging from 
4.7 to 7.5. Urdbean is grown over an area of 3.15 million hectares with 
production of 1.49 million tonnes. The average yield of 4.73 kg/ha is 
low in comparison to major grain legumes like chickpea and pigeonpea 
(Table 2). 

























Source: The Hindu Survey of Indian Agriculture, 1999. 
1.2. Botanical description 
Urdbean (Vigna mungo (L.) Hepper) belongs to the family 
Leguminosae (Fabaceae). The plant is spreading annual with procumbant 
branches. Stem is longer, whole plant much hairy with reddish brown 
pubescence which gives the foliage a lighter tint. Leaves are large trifoliate 
with broad ovate and entire leaflets. The inflorescence consists of a cluster 
4 
of four to six flowers at the top of a long stout hairy peduncle. Corolla is 
pale or lemon yellow. Flower is bisexual, zygomorphic, 5 sepals and 5 
petals, 10 stamens (9+1) and single carpelled superior ovary with hairy 
style. Hairy pods are cylindrical and more or less curved. Seeds are 
slightly larger than those of mungbean, usually dark brown, sometimes 
black or dull greenish-grey in colour. Germination is epigeal. 
1.3. Economic importance 
Urdbean has protein as high as 24 per cent. It also has superior 
aminoacid profile which makes its protein nutritionally more balanced. 
In addition to proteins and an appreciable amount of carbohydrates, 
urdbean contains various vitamins and minerals (Table 3). 
Table 3: Nutritional composition of urdbean (100 g of dry edible parts). 
Crop Biergy 
(Kcal.) 
U r d b e a n 3 8 5 
Protein Oil Total carbo-
(g) (g) hydrate (g) 
2 3 . 5 1.8 7 1 . 0 
Fibre 
(g) 
4 . 9 
Ash 
(g) 
3 . 8 
Ca 
(nig) 
1 2 3 
P 
(mg) 
3 9 0 
Fe 
(mg) 
9 . 4 
Source: Yojana32 (17)September, 1988. 
Urdbean is generally eaten as an accompanying dish with cereal 
preparations like rice and chapati. Green pods are directly consumed as 
vegetable. It is prescribed as medicine, both externally and internally in 
paralysis, rheumatism and some diseases of nervous system (Singh, 1982). 
It is generally recommended as a medicinal diet in case of flatulence 
because of its easier digestibility. It also provides nutritious green fodder 
and feed to the live stock. 
1.4. Genetic variability 
Vavilov (1926) was the first to demonstrate the need for a wide 
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genetic base for crop improvement programme. Since then, attempts have 
been made to exploit the naturally existing variability in the population 
for improvement of domesticated plants. While inter-population variation 
involving changes in gene frequencies is the most important factor for 
evolution, intra-population variation by itself is of little significance in 
evolution, but of great use in plant breeding. The variability in a base 
population becomes particularly essential when breeding objectives are 
more complex and vary widely from place to place.It is now a well known 
fact that the conventional breeding methods leading to homozygosity 
result in the decay of variabilit>'. Lemer (1964) pointed out that inbreeding 
diminishes the genetic variance contributed by all segregating loci and 
the total usable genetic variability and effective degree of heritability (h^) 
are considerably reduced. The breeder needs a variability which should 
always remain in an exploitable form and should serve both, the present 
and future needs of the breeder. 
The range of genetic resources available for the improvement of 
grain legumes varies greatly in its extent and accessibility. The systematic 
collections of natural variability of urdbean have not been made and 
therefore, limited variability is available with the breeders. Furthermore, 
breeding methodology applied to urdbean has been purely conventional. 
Since it is a self pollinated crop, induced mutagenesis seems to be an 
ideal methodology for broadening the scope of affective selection by 
enhancing genetic variability and genotypic adaptability in this crop. In 
many circumstances, induced mutations represent a more efficient source 
of genetic variability than gene pools conserved by nature (Brock, 1977; 
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Watterson, 1987). 
1.5. Induced mutations 
Recent approach to yield improvement in pulses is based on 
the recognition that a large amount of genetic variability has eroded 
in the p roces s of adap ta t ion to s t ress e n v i r o n m e n t s . T h u s 
conventional breeding methodology has failed to surpass the yield 
barriers as it depends entirely on the naturally occuring mechanism 
of genetic recombination. Modern techniques in biotechnology and 
molecular genetics developed and utilized in various crops in recent years 
seem to replace or affectively supplement the conventional methods 
(Krauter etal., 1991; Friedtera/., 1995;Nirmalaand Kaul, 1997). 
Due to the lack of sufficient natural variability for yield and its 
components in urdbean, conventional methods have a limited scope. 
Gustafsson (1947) advocated that mutation approach was superior to 
other methods of crop improvement. Mutations provide an opportunit>' 
to create hitherto unknown alleles, so that the plant breeder does not 
remain handicapped due to limited allelic variation at one or more gene 
loci of interest. Fried (1969) concluded that for increasing food 
production in the world, induced mutagenesis is important in creating 
variability in the breeding population to improve yield, earliness and 
disease resistance. Reconstruction of plant types to improve the 
productivity in urdbean (Shaikh et al, 1982) through induced mutations 
stimulates to speculate further and exploit this methodology fully. Thus 
mutation breeding technique may have a greater role in crops like pulses 
where a large part of natural variability has been eliminated in the process 
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of adaptation to the environmental stress.In recent years a lot of work 
has been undertaken on induced mutagenesis through physical and 
chemical mutagens. It has been clearly shown in a number of plant species 
that the effect induced varies with the varying mutagens and with variation 
in mutagen dose.Thus, selecting a mutagen and its optimum dose for a 
genotype in any plant species is an important step in mutation breeding 
programme. 
Mutations are generally grouped into two major categories 
on the basis of their phenotypic manifestations; 
(i) Macromutations-with large changes in the characters which 
can be detected even without instrumental help at the level of 
individual plants and 
(ii) Micromutations-with minor changes in the properties which 
are practically unidentifiable in an individual plant but can be 
measured at the level of population using various statistical 
parameters, such as character mean, variance etc. 
Macromutations, whether resulting from single gene changes or 
chromosomal aberrations behave as monogenic traits and follow the 
Mendelian pattern of inheritance. On the other hand, micromutations are 
governed by the principles of quantitative genetics. Micromutations 
produce genetic variability in quantitative traits of the crop plants. Hence, 
they deserve full attention of plant breeders. Such mutations should be 
useful for improving quantitatively inherited traits (e.g. grain yield) without 
disturbing the major part of genotype and the phenotypic architecture of 
the crop. 
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In the recent years there have been a number of attempts to assess 
radiation induced genetic variability in quantitative traits of different crop 
plants such as rice (Kaul,l 980a;Kaul and Garg, 1982; Kaul and Kumar, 
1983; Singh et al., 1998), wheat (Scosvanzhi et al, 1986) 
barley (Gaul, 1964; Nalini et ah, 1993) and pulses (Chaturvedi and Singh, 
1981; Patil and Bhalla, 1985; Singh, 1996). 
However, little information exists concerning the influence of chemical 
mutagens on quantitative traits in pulses, particularly in urdbean. 
1.6. Objectives 
Keeping in view, the economic and nutritional importance of 
urdbean- a self pUinated crop, the present study was aimed at 
unders tanding the genetic basis of quantitative characters in 
urdbean {Vigna mungo (L.) Hepper) about which the information is 
scanty. An attempt has been made to evaluate quantitative characters in 
Mj to M3 generations following mutagensis with ethylmethane sulphonate 
(EMS), sodium azide (SA) and hydrazine hydrate (HZ) in two varieties 
of urdbean viz; PU-19 an T-9. 
The following are the aspects studied during the course of 
present study: 
-to study the biological damage caused by the mutagens in M^ 
generation 
-to study the frequency and spectrum of chlorophyll and viable 
mutations. 
-to compare the effectiveness and efficiency of different mutagens, 
-to determine the components having the highest contribution to seed yield. 
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-to determine the extent of genetic variability present in the components 
and their possible effect on the scope for advancement through selection. 
-to estimate the heritability and genetic advance to select the desirable 
mutants with promise of improvement of quality of seed. 
-to study the mutagen induced alteration in protein through the estimation 
of total seed protein content of high yielding mutants selected in M^ 
generation. 
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Chapter - 2 
REVIEW OF LITERATURE 
A brief review of important literature on various aspects pertaining 
to the present investigation has been presented in this chapter. 
2.1. Origin, Taxonomic position and Chromosome number 
Urdbean originated from the Indian sub-continent (Vavilov, 
1926; Zukovskiji, 1962). Maximum diversity among related species 
is limited to the upper western ghats and Deccan hills in India. 
Vigna radiata var. sublohata appears to be the most probable 
progenitor of Vigna mungo (L.) Hepper (Zukovskiji, 1962). 
Roxburgh (1832) named green gram as Phaseolus mungo 
Willd. and the yellow variety (sona mung) P.aitreus Roxb. while 
urdbean was called as P. radiatus Willd. Duthie and Fuller (1882) 
had also followed the same classification. Bose (1939) referred to mung 
as P. radiatus Linn. syn. P. aureus Roxb. The names of P. aureus for 
mungbean and P. mungo L. for urdbean remained viable until many 
taxonomists considered that Asiatic Phaseolus species (old world) i.e. 
section Ceratotropis should be transferred to the genus Vigna. Piper 
(1926) differentiated Phaseolus from Vigna genus based on keel 
characteristics. Later on, in 1956, Hepper named Vigna mungo (L.) 
Hepper for urdbean or black gram. 
Rao (1929) reported diploid chromosome number of urdbean 
as 24. However, Pritchard and Gould (1964),Dana (1964) and 
Singh and Roy (1970) established beyond doubt eleven and twenty 
two as haploid and diploid numbers respectively for urdbean. 
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2.2. Mutagenesis 
The concept of inducing mutat ions and utilizing them for 
improving cultivated plants is more than eighty years old. It was 
put to use for the first time by Muller in 1927 when he succeeded 
in inducing certain variations in Drosophila. Stadler (1928) while 
working on the effect of X-rays in barley reported that it was 
possible to obtain very high mutation rates through irradiation. 
Thus, in the beginning, mutation breeding was based primarily 
upon X-rays, gamma rays and thermal neutrons. The constantly 
increasing level of knowledge in experimental mutation research 
was to a high extent due to the fact that not only physical but also chemical 
mutagens became available. The first elaborate report was presented by 
Auerbach and Robson (1942), who showed that mustard gas could induce 
mutations as well as chromosomal breaks in Drosophila. Some of these 
chemical mutagens, for instance, ethylmethane sulphonate (EMS), ethylene 
imine (EI), diethyl sulphate (dES), N-nitro-N-methylurea (NMU), N-
nitroso-N-ethyl urea (NEU), sodium azide (NaNj) and hydrazine hydrate 
(HZ) among others were found to be more effective than X- and gamma 
rays exclusively utilized in the former years (Auerbach, 1961; Heslot, 
1959; Rappaportef a/., 1966; Swaminathan, 1966; Wyss era/. , 1948; 
Nilan etal., 1973; Kleinhofs er a/., 1974, 1978; Sander ef a/., 1978; 
Kimball, 1977; Singh and Chaturvedi, 1981). Expectations that chemical 
mutagens might give something better, more desirable for plant breeders 
led to their wide spread use (Konzak et al., 1965). The nature, essential 
properties and mode of action of physical and chemical mutagens has 
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been reviewed by Kaul (1989), Kaul and Nirmala (1999) and Siddiqui 
(1999). Our knowledge on the fundamental aspects of the mutational 
process and the possible mechanism of action of various physical and 
chemical mutagens has fairly widened with reports and the reviews of 
Got t scha lk (1978 a,b), Gottschalk and Wolf (1983) ,Sharma (1985) , 
Crueger (1993) and Khan (1997). Though there are several unanswered 
questions regarding the action of mutagens, yet a more comprehensive 
account of them has been given by Sharma (1985). 
A m o n g the mutagenic alkylating agents, a few members of alkane 
sulphonate series have been found to be exceptionally mutagenic in a 
variety of organisms. Freese(1963) and Heslot (1977) gave a detailed 
account of chemical mutagens like ethylmethane sulphonate (EMS) and 
diethyl sulphate (dES). The mutagenic action of EMS was studied earlier 
in Drosophila (Fahmy and Fahmy, 1957), bacteriophage (Loveless, 1959), 
Escherichia coli (Strauss, 1964), barley and wheat (Gustafsson, 1960; 
Ehrenbe rg , 1960; Swaminathan et al., 1962) . Gaul (1964) in barley 
obse rved tha t E M S was capable of p r o d u c i n g more number of 
var ious morphologica l mutants as compared to gamma rays. At 
molecu la r level , EMS is known to react preferentially with guanine 
and cy to s ine respectively (Freese, 1963) . E M S alongwith other 
alkylating agents is reported to induce substitution by two ways; 
(i) by substituting a purine for purine or pyrimidine for a 
pyrimidine (transition), 
(ii) by substituting a purine for a pyrimidine or a pyrimidine for a 
purine (transversion). 
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For causing transversion, EMS alkylates purine at seventh position 
(N'') and finally leads to its seperation from the D N A strand, i.e. 
depurination. A gap created because of depurination may be filled up by 
any of the four bases. Because of its ability to induce a high frequency 
and wide spectrum of mutations (Swaminathan et al., 1962; Hussain et 
al., 1974; Khan et al., 1998 a), EMS is now being widely accepted as a 
powerful mutagen and used commonly in the induction of mutations in 
various crop plants. 
[Sodium azide (SA) , one of the latest additions in the list of potent 
mutagens, has been reported to be highly effective in barley (Nilan et al., 
1973; Kleinhofs et al., 1974), peas (Sander and Mauehlbauer , 1977)j) 
soybean (Vig, 1973, 1975)/Sodium azide mutagenecity was first observed 
by Wyss et al. (1948) in their studies on the role of peroxides in radiation 
induced mutagenesis. Later on Berger et al. (1953), observed that sodium 
azide per se increased the frequency of penici l l in and streptomycin 
resistant mutants in Staphylococcus aureiis!j\iQy interpretted the observed 
mutagenecity as an indirect effect due to the inhibition of catalase and 
peroxidase by sodium azide resulting in the accumulation of hydrogen 
peroxide in the bacterial cells. The hydrogen peroxide was presumed to 
be the actual mutagen.Sodium azide mutagenecity in higher plants was 
discovered inadver tent ly in experiments us ing th is chemical as a 
respiratory inhibitor in Hordeum vulgare L. (Spence, 1965). Again, the 
inhibition of catalase and peroxidase by azide was presumed to result in 
increased peroxide concentration and, therefore, the mutagenic effect. 
Although its effective and efficient mutagenicity was reported by Nilan 
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et aJ., in 1973, it remained unknown since 1948, perhaps because the 
condition for low pH was not met (Warfield, 1974). Its pH dependency 
was reported by Nilan et al.{ 1973 ). 
There is a certain amount of evidence about the mutagenic action 
of hydrazine in both, prokaryotes and eukaryotes. It was sometimes 
classified as primarily an inactivating agent with weak mutagenic activity 
(Fishbein et al.,\ 970), but studies with bacterial species suggested that 
it can fairly be a potent mutagen with little or no toxic effect (Kimball 
and Hirsch, 1975). A useful review of the earlier work with special 
emphasis on the chemical basis for mutagenesis of hydrazine was given 
by Brown et al. (1966). Hydrazine was reported to induce a variety of 
morphological, physiological and colour mutants in several crop plants 
such as barley (Shangin Berezovsky et al., 1973), maize (Chandra Sekher 
and Reddy, 1971), potato (Upadhya et al., 1974), rice (Ratho and 
Jachuck, 1971; Reddy and Reddy, 1973; Reddy et al, 1973) and tomato 
(Jain and Raut, 1966; Jain ^^  a/., 1969, Raut, 1969; Yakovleva, 1975). In 
general, hydrazine in these studies appeared to be as successful as the 
other potent mutagens. However, it appeared to differ in two ways: 
(i)it produced a number of mutations detectable in Mj generation 
whereas the other mutagens produced fewer or none., 
(ii) the spectrum of mutational changes (phenotypic classes) for 
hydrazine was generally very different from that of other mutagens 
(Kimball , 1977). Hydrazine has been reported to react with the 
pyrimidines in DNA to saturate the 5,6 double bond, especially of 
thymine to form N''-amino-cytosine and to open up the pyrimidine 
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ring with consequent loss of pyrimidines from DNA or through 
intermediate radical reactions including the formation of hydrogen 
peroxide depending upon the hydrazine derivatives involved 
(Kimball, 1977). There are some unexpected features concerning 
time of detection and locus specificity that are not yet explained. 
The mutations produced by hydrazine seem to be mainly or entirely 
single-locus changes. 
Apart from easy handling and better efficiency, chemical 
mutagens have greater specificity than radiations (Auerbach, 
1965). They have proved to be more potent and efficient in 
inducing mutations than physical ones (Sharma, 1965; Blixt and Mossberg, 
1967; Kharkwal, 1998 a,b). 
2.2.1. Mutagen dose and genotypic sensitivity 
It has been observed that the dose required for mutagenic efficiency 
of a chemical mutagen depends on the properties of the agent, the solvent 
medium and the biological system in question (Khan, 1997). An optimum 
dose is one which produces the maxium frequency of mutations and 
causes minimum killings (Solanki and Waldia, 1997). Many workers feel 
that the dose close to lethal dose- 50 (LD^^) should be optimum. The 
LDjQ of a particular genotype varies greatly (Khan, 1990). This is due to 
the fact that genetic architecture of an organism is potent factor in 
determining the genotypic difference towards the mutagen. Polyploid 
species have been found to be slightly resistant to the action of mutagens 
than their diploid ones (Reddy et a/.,l 991) and therefore, the effective 
dose is likely to vary in an individual crop. It is advisable to use two or 
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three doses around the predetermined LDj^ level, as the actual survival 
rate under field conditions may deviate somev^^at from the preliminary 
tests. According to Solanki and Waldia (1997), the dose of a chemical 
mutagen treatment is made up by several parameters of which the most 
important are, concentration, duration of treatment and temperature during 
treatment. Akbar et a/.(l 976) concluded from their studies in rice that 
the differences in radio sensitivity among rice varieties may be due to the 
difference in their recovery process involving enzyme activity. Findings 
of Khamankar(l 984) in tomato with regard to the differential sensitivity 
of tomato genes to different physical and chemial mutagens are of 
considerable interest. He showed that the rate of mutations was different 
with different mutagens at certain loci. Some of the gene loci were affected 
by one mutagen but not by the other. The differential response of the 
affected genes to the different chemical mutagens as well as the extreme 
sensitivity of some of them pointed out that the mutation process with 
the chemicals may be different from ionizing radiations. Inspite of the 
fact that several possible explanations have been put forward by several 
workers, it is difficult to pin point the precise and exact cause for the 
differential sensitivity of genotypes to different mutagenic treatment/doses. 
2.2.2. Biological damage 
Although the variations induced by mutagens are not always 
useful, the induced biological damage has been used as criterion 
in determining the effect and mechanism of action of the mutagen 
in question and also the sensitivity of the biological material. Seed 
treatment with physical as well as chemical mutagens is known to 
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produce adverse effects on germination, seedling growth and plant growth 
in general (Reddy etaI.,\992;Khanetal.,\994; Amamath and Prasad, 
1998; Kumar and Dubey, 1998; Siddiqui and Azad, 1998; Rehman et 
a/., 2000). However there are few reports of promoting effect of mutagens 
when applied at lower doses (Vandana and Dubey, 1988; Kumar and 
Dubey, 1994). A quick and simple method to determine the effect of 
mutagens in many plant species is the measurement of their seedling height 
which has generally been observed to be dose dependent (Joshua and 
Bhatia, 1983; Kumar and Mani 1997). 
The application of mutagens to the dormant seeds has been observed 
to result not only in depression in germination and seedling height and 
sunival but also causes pollen sterility (Sarkar and Sharma, 1989; Reddy 
et al., 1992; Vanniarajan et ah, 1994; Ansari and Siddiqui, 1995; Khan et 
a/., 1998 a,b).Sarma et al.{\919) reported that mutation frequency as well 
as biological damage showed a linear response to the increasing 
concentrations of azide in rice. 
Alterations in the form of chromosome breakages due to the mutagens 
and later, their reunion have been of practical interest. Induced 
chromosomal aberrations have been extensively investigated to understand 
the efficiency and mechanism of action of mutagens. Kumar and 
S inha ( 1 9 8 5 ) obse rved the mos t common o c c u r a n c e of 
chromosomal bridges from mitotic root and shoot tip cells of the 
seedl ings in gamma rays irradiated population of p igeonpea 
{Cajanus cajan). Malaviya and Shukla (1990) studied the effect 
of EMS and gamma rays on cytomorphology oi Lens culinaris L. 
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and reported that one of the marked effects of the mutagens was, reduction 
in chiasmata frequency per cell. In Trigonellafoenum -graecum L. treated 
with dES and EMS, the percentage of meiotic aberrations was found 
proportional to the dose applied (Janardhan and Nizam, 1994).Meiotic 
abnormalities like laggards, fragments, bridges and micronulei were 
observed by Datta (1996) in gamma ray treated Chrysanthemum cultivars. 
In urdbean {Vigna mungo (L.) Hepper) mutagen treated root tip 
cells showed the presence of chromosome fragments, unequal separation, 
lagging chromosomes at anaphase and micronuclei (Bandyopadhya\' and 
Bose, 1983). Meiotic abnormalities like uni-, tri-, and multivalents in Mj 
generation suggested that point mutation or deletion, inversion and 
translocation had occured (Ignacimuthu and Babu, 1989a). Positive and 
highly significant correlation between chromosomal abnormalities and 
pollen sterility was observed by these workers. Nucleolar persistance 
and its behaviour during different stages of division in gamma-ray iradiated 
urdbean was studied by Shah et al. (1992). These workers also reported 
mitotic abnormalities like misorientation, bridges at anaphase, fragments 
and multinucleate condition. 
2.2.3. Mutagenic effectiveness and efficiency 
Mutagenic effectiveness is a measure of the mutations induced 
per unit dose of the mutagens, while mutagenic efficiency gives 
an idea of genetic damage (and /or mutation) in relation to the 
total biological damage caused in M^ generation (Konzak et al., 
1965; Gautam era/., 1992; Khan, 1997). Kaul (1989) explained that the 
efficiency and efficacy of each mutagen depends upon the recovery of 
19 
types and frequency and spectrum of mutations induced. According to 
him, the most desirable mutagen is the one that is least damaging and 
highly useful mutation yielder. The response of biological system to 
physical and chemical mutagens is influenced to a varying degree by 
numerous biological, environemental and chemical factors. These factors 
modify the effectiveness and efficiency of different mutagens greatly and 
same is true for the mutation rate (Savin et al., 1968; Blixt, 1970; Nilan, 
1973.) The effectiveness and efficiency of mutagens has thus been 
reported to vary to a greater extent in various crop plants (Yakolev and 
Agrakova, 1979; Rao and Rao, 1983; Gautam etal, 1992). 
Khan and Hashim (1979) studied the effectiveness and efficiency of 
gamma rays, EMS and HZ in mungbean and found that HZ was more 
effective than EMS whereas the order of efficiency was; EMS> gamma 
rays> HZ. Both, the mutagenic effectiveness and efficiency were found 
to be higher at lower doses of the mutagens. Inter-varietal differences 
with respect to effectiveness and efficiency of the mutagens have also 
been reported (Khan, 1981; Rao and Rao, 1983). Treatments of chemical 
mutagens were reported to show higher efficiency and effectiveness than 
physical mutagenic treatments in rice (Rao and Rao, 1983). However, some 
workers observed gamma rays to be more effective but less efficient in 
barley (Kon2ak et al, 1965), sweet pea (Nerker, 1977) and triticale (Reddy 
and Gupta, 1989). Khan and Siddiqui (1992a, 1993a) worked out the 
effectiveness and efficiency of EMS, MMS and SA in ,mungbean. Based 
on their effectiveness, the three mutgens stood in decling order of 
M M S > S A > E M S , whereas the order of their eff ic iency was . 
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EMS>MMS>SA. 
Gautam et al. (1992) studied the mutagenic effectiveness and 
efficiency of gamma rays, EMS and their synergistic effects in 
urdbean and reported that the effectiveness of gamma rays was dose 
dependent while in combination treatments, the lower doses were the 
most effective on the basis of both Mp/dose and Ms/dose. 
2.2.4. Chlorophyll mutations 
Chlorophyll mutation frequency in Mj generation is one of the most 
reliable measures for evaluating the mutagenically induced genetic 
alterations (Chaturvedi and Singh, 1990). A high frequency and wide 
spectrum of chlorophyll mutations in EMS treated 2X barley and 6X 
wheat was reported by Swaminathan et al. (1962). EMS was reported to 
induce more types of chlorophyll mutations than the ionizing radiations. 
Sarma et al.{1979) reported that the mutation frequency as well as 
biological damage showed a linear response to the increase in the 
concentration of azide in rice. Reddy and Gupta (1989) using gamma 
rays and EMS reported that the induction of chlorophyll mutations in 
triticale was dose dependent. The superiority of EMS in inducing 
chlorophyll mutations in a higher frequency than the other mutagens was 
also advocated by Hussein et al. (1974) in pea and Reddi and Suneetha 
(1992) in rice. Venkateswarlu et«/.(1978) while studying the radiosensitivity 
and frequency of chlorophyll mutations in pigeonpea varieties found that 
the most radiosensitive variety gave the highest frequency of chlorophyll 
mutations. Subramanian (1980) observed the maximum number of'albina' 
followed by 'xantha' type of chlorophyll mutants in gamma- ray treated 
mungbean. 
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In urdbean, Appa Rao and Jana (1975) reported a wide spectrum of 
chlorophyll mutations using x-rays, EMS or both. Gautam et al.{\992) 
after treating seeds of urdbean with gamma rays and EMS reported that 
the total mutation frequency (chlorophyll as well as viable mutations) 
showed dose dependence. It is however, difficult to pin point, which 
chemical mutagen is more effective than the other in inducing chlorophyll 
mutations, since very little information exists with regard to the 
comparative effectiveness of different chemical mutagens in this crop. 
There are strong indications that total mutation frequency and 
spectrum are associated with the dose of mutagen (Hussein et ah 1974). 
However, this claim was repudiated by some workers (Pipie, 1972; 
Khan, 1990) who found no relationship between the dose of mutagen and 
the mutation spectrum. According to Vo Hung (1974) and Khan and 
Siddiqui (1993a), the highest dose is not always the most effective 
treatment. 
The enhancement of mutation frequency and alteration of mutation 
spectrum in a predictable manner are the two important goals of mutation 
research. In the past, varied approaches have been tried to achieve these 
goals (Gustafsson, 1963; Nilan 1967; Swaminathan and Sharma, 
1968). Most of the workers are of the opinion that by the use of 
different mutagens and modification of t rea tment conditions, 
relative proportion of various types of mutations could be altered 
besides there frequency of mutations. 
2.3. Morphological mutations 
Morphological mutations affecting impotant plant attributes like 
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growth, leaf size and number, habit, plant architecture and floral 
organisation in many cases prove to be promising from breeders point 
of view. 
Several morphological mutat ions were repor ted wi th the 
application of either physical or chemical mutagens in cereals (Reddy 
and Gupta, 1988; Tyutyun et a1., 1991), pulses (Appa Rao and Reddy, 
1975; Jha, 1988; Rao and Reddy, 1993; Khan and Siddiqui, 1996) and 
other plants of economic importance (Chaghtai and Zia-ul- Hasan, 980; 
Datta and Laximi, 1992; Venkatachalam and Jayabalan, 1994; Mary and 
Jayabalan, 1995; Kumar ef a/., 1996). Potentially useful types of mutants 
such as short culm, dwarf and early flowering mutants were induced in 
rice by azide treatment (Awan ^r <a/.,1980). Reddy and Gupta (1988) 
isolated twenty two types of viable morphological mutants in the 
population of four varieties of triticale. Mutants with altered plant form, 
growth characteristics, leaf and spike characters were reported in EMS 
and gamma ray treated population. Short strawed mutants of winter wheat 
were reported by Tyutyun et a1. (1991).Dwarf, compact, early and bold 
seeded mutants were also reported in wheat and triticale (Viswanathan 
and Reddy, 1998). 
According to Jain (1971), the reconstruction of plant type in 
pulses is a pre-requisite for high production which requires a reduction 
in their spreading and bushy growth habit for not only increasing 
the number of plants per unit area but also to improve the harvest 
index and reduce the maturity period. Such types of mutants are 
possible to obtain through induced mutations. Induced morphological 
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variations for leaf, stem, flower and seeds were reported in gamma-ray 
treated plants of khesari {Lathyrus sativus L.) by Prasad and Das (1980). 
Rao (1984) observed a wide range of gamma-ray induced mutants in 
pigeonpea {Cajaniis cajan L.) of which mutsmts with different forms of 
reduced stature and habit were most common. Mutations affecting 
inflorescence and seed colour were also reported in lentil {Lens cuUnaris 
L.) by Sharma (1990). Some viable mutants were isolated by Khan and 
Siddiqui (1996) in mungbean {Vigna radiata L.),Kumar et al. (1996) in 
finger millet {EJeiisine coracana L.) and Kharkwal (1998 c)in chickpea 
{Cicer arietinum L.) with different chemical and physical mutagenic 
treatments. About 37 modified flower colour and flower shape mutants 
have been released from NBRI, Lucknow as new cultivars for 
commercialization (Datta 1988 a,b; Datta and Gupta 1982 a,b,c; Datta et 
al., (1985). Work on mutagen derived morphological variations especially 
in the field of floriculture has been reviewed earlier (Datta, 1989 a,b). 
Some morphological mutants exhibiting change in morphological 
features were also reported in urdbean {Vigna mungo{ L.) Hepper) 
by various workes. Appa Rao et al. (1975) obtained a fertile dwarf 
mutant in M^ generation in the combined treatments of x-rays and 
EMS in urdbean. The mutant was charac ter ized by a drastic 
reduction in the length of internodes with dark green leaves. The 
mutants with an erect and determinate habit (Shaikh et al., (1983), 
seed coat colour (Bhalla and Bhamburker, 1 988) Change in flower 
structure (Singh and Raghuvanshi, 1985), sterile, semi-sterile, 
trailing and dwarf (Biswas, 1988), leaf morphology and leaf number (Singh 
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et al., 1987) and bold seed (Singh ,1996) were reported in urdbean. 
2.4. Induction of polygenic variability 
Most of the plant attributes of interest to a plant breeder are 
quantitative traits which are controlled by polygenic interactions. 
In such situations, the efficiency of selecting a desirable mutant is 
generally lower than for specific traits controlled by a single gene. Gaul 
(1965) emphasized the significance of micro-mutations in plant breeding 
by stating that 'there appears to be no doubt that micro-mutations may 
effect virtually all morphological and physiological characters as do large 
mutations and they might have higher muta t ion rate than the 
macromutations'. However, much difference of opinion exists among the 
breeders on the relative incidence of induced polygenic variation in 
negative or positive direction and shift of the mean in M2 and later 
generations (Brock, 1965; Gaul and Aastveit, 1966; Goud, 1967). Many 
workers hold the view that induced mutations can be used to generate 
useful variations in quantitatively inherited traits where appropriate 
selection has been applied for improvement (Scossiroli, 1964; Lawrence, 
1965; Brock, 1970; Chakrabarti, 1975; Kaul and Kumar, 1983;Khan and 
Siddiqui, 1992b, 1993b;Tickoo and Chandra, 1999). Frey (1969) reported 
that, mutagen derived variability for quantitative traits in crop plants is 
heritable and the response of selection is good. It has been observed 
that induced mutations occur more or less randomly in the genome and 
cannot be directed, only one of the two or more alleles of a locus is 
affected, inheritance is almost ever recessive, therefore, homozygosity is 
required for expression (Micke, 1999). 
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Several workers have so for reported encouraging results about the 
induction of useful quantitative variability in different plants including 
cereals like wheat (Konzak, 1973; Siddiqui, 1983; Boreiko et al.,\9S6; 
Khan 1988; Nalini et al.,l 993), rice (Swaminathan et al. 1969; Misra et 
al. \973,Av/anetal., 1980; Kaul and Kumar, 1983; Singh era/. , 1989), 
barley (Gustafsson, 1963; Gaul, 1964; Bhargava and Khalatkar, 1986; 
Nalini et al., 1993) and pulses like chickpea (Kharkwal, 1979; Shaikh et 
al., 1982; Bahl, 1988), pigeonpea (Rao, 1984; Srivastava and Singh, 
1993b), green gram (Chaturvedi and Singh, 1980; Khan,l 885a,b, 1986, 
1987; Sharma and Singh, 1992; Khan et al., 1994) and urdbean (Kundu 
and Singh, 1981; Shaikh etal., 1983; Singh and Raghuvanshi, 1987; Sarwar 
era/., 1987; Singh, 1996). 
Scossiroli et al. (1966) and Khan (1987) showed that in the mutagen 
treated population of wheat, the estimates of heritability were larger and 
varied from trait to trait. Increase in yield and yield components of 
mutagenized population in subsequent generations was also reported by 
Larik (1979), Kavanzhi etal. (1986), Khan (1988), and Viswanathan et 
al. (1994) in wheat and triticale. Boreiko et al. (1986) isolated productive 
winter wheat mutants from hydroxyl amine (HA), ethylene imine (EI) and 
deithyl sulphate (dES) treatments. The best forms were obtained at low 
and moderate mutagenic concentrations. Positive and negative shift in 
mean values and greater coefficients of variability were reported in treated 
population of wheat, barley and triticale by Suganthi et al. (1992). 
In rice high yielding, early maturing short strawed, fine grained 
mutants were isolated by some workers (Siddiq and Swaminathan, 1968; 
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Misra et al, 1973; Reddy and Reddy, 1973; Chakrabarthi, 1995). High 
values of heritability and genetic advance for certain quantitative traits 
were reported by Kaul and Kumar (1983) in rice. 
Both, physical and chemical mutagens were used in pulses for 
inducing variability in qantitative traits. Kharkwal (1979) reported 9 mutants 
of chickpea having a high consistency performance up to M^ in 
multilocational field trials. Induction of micromutation for yield and its 
components was reflected by shift in mean values and increased variabilit> 
in Mj generation of faba beans (Vandana and Dubey, 1990). Srivastava 
and Singh (1993) obtained synchronous maturing mutants in pigeonpea 
in which the quantitative and qualitative traits were not adversly affected. 
In lentil {Lens culinaris L.), the higher values of predicted heritabilits 
and genetic advance suggested that mutations mostly occured at loci 
having additive effects (Sharma and Sharma, 1984). A comparison o^ 
the correlations in M^ generation and control revealed that inter relationship 
between yield and its component traits increased. Thus the results obtained 
by Sharma and Sharma (1984) suggested that the mutagenic treatments 
coupled with efficient selection could increase the strength of the 
correlations between any two characters. Kumar et a/.(1995) obtained 
high variance and coefficient of variability for pod number and seed yield 
per plant in lentil mutants. 
In the mutagenized populations of two pigeonpea varieties, 
ICP-7409 and ICP-2834, the mean values were unaltered for five 
polygenic traits studied despite increased variance in the M, 
generation. Genotypic variance, heritability and genetic advance showed 
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marked increase for days to flower,pIant height, number of pod bearing 
branches, number of pods per plant, and seed yield per plant in the 
mutagenized population (Rao and Reddy, 1984). Significant and positive 
mean shift for seed yield per plant was reported in mungbean (Vigna 
radiata L.) by Chaturvedi and Singh (1981) after seed irradiation with 
gamma rays. Khan (1987) evaluated eight mutants of mungbean from 
gamma rays, EMS and HZ treated M^ generation to find out the selection 
response and reported that the mean values increased significantly over 
the control for all the quantitative traits with a few exceptions. Khan and 
Siddiqui (1995, 1997) in their chemo-mutagenic studies on mungbean 
reported that the quantitative traits like fertile branches per plant, pods 
per plant and total plant yield expressed high values of genotspic variance, 
heritability (broad sense) and genetic advance in M3 generation, suggesting 
that improvement in these traits was possible in future generations through 
effective selection. 
The micromutations affecting yield attributes were also induced in 
urdbean {Vigna mimgo (L.) Hepper).In general, variance was reported 
to increase in the treated population. Kundu and Singh (1981) recorded 
variations for flowering time and plant height follow ing EMS treatment. 
An increase in pod number and yield per plant in subsequent generations 
accompanied with higher estimates of variability following gamma ray 
treatment were also reported (Kundu and Singh, 1982 a, b). Bhadra (1982) 
observed that EMS and gamma rays were equally effective in generating 
polygenic variability in urdbean. hiduced high yielding mutants were also 
reported by Shaikh et a1. (1983) and Sarwar era / . (1987). A vigorous 
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bold seeded mutant was isolated from 30Kr gamma ray irradiated 
population of urdbean by Singh (1996). This mutant had larger and healthy 
pods bearing bold seeds and showed high seed yield per plant. 
2.5. Alteration in the protein content 
Contrary reports are available in literature on the extent of 
success of induced mutations for high grain yield coupled w ith high 
protein content of the mutants. Some workers are of the view that high 
protein content is difficult to combine with high yield as these two traits 
reveal almost negative correlation (Blixt, 1979; Hartwig, 1979; Kaul, 
1980b, 1982; Gottschalk and Muller 1982). Gottschalk (1990) explained 
that there is no doubt that these traits are controlled by genes and 
mutations in these genes can alter the protein make up of genotypes. It 
is, however, very difficult to discern their action reliably because these 
traits are highly influenced by environmental factors. It is necessar> to 
analyse the respective genotypes over a period of many generations. That 
the protein production in plants is influenced by the interaction of gene(s) 
and envirnmental factor (s) has also been reported by few other workers 
(Sengupta et ah, 1986; Singh et ah, 1990). However, high yielding mutants 
coupled with high protein content were reported by Tanaka (1969), Misra 
et ah (1973) and Borah and Goswami(l 995) in rice, Abo-Hegazi (1980), 
Shaikh et ah (1982) and Kharkwal (1998d) in chickpea, Olejnickzek (1986) 
in maize and Bansal (1971) in wheat. 
In urdbean, Ignacimuthu and Babu (1989 b) analysed the isolated 
Mj and M3 mutants of wild and cultivated urdbean derived from EMS 
and gamma rays treatments for protein content and reported that the 
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range of induced variation in the whole seed protein content was narrow 
within the species, but within each mutant hne, the range was very braod. 
The broad range and high coefficient of variation for protein content in 
M3 seeds of the species indicated the induction of substantial variation 
for this trait. The bold seeded mutant obtained by Singh (1996) with 
30KR gamma rays treatment showed a slight increase (22.2%) in protein 
content over the control (21.2%). Essential aminoacid profile was 
reported to remain more or less the same. 
The survey of important literature on induced mutations in pulses 
with particular reference to urdbean reveals following facts: 
-Physical mutagens have been ex tens ive ly used for the 
induction of mutations in crop plants. Chemical mutagens if many 
tried, has been used mostly in combination with the physical mutagens 
with a few exceptions. 
-Information on basic characteristics like the effectiveness 
and efficiency of chemical mutagens, their mutation rate and 
possible role in generating polygenic variabili ty in urdbean is 
scanty. 
In view of the above facts, it was felt desirable to use chemical 
mutagens belonging to different groups for generating allelic 
variability in urdbean, a self- pollinated crop. 
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MATERIALS AND METHODS 
Information on the materials used and methods appHed during the 
present investigation are summarised in this chapter. 
3.1 A g r o c l i m a t i c condit ions of the s i te of s tudy 
Aligarh (the site of present study) has the characteristic semi-arid 
and sub-tropical climate with hot dry summers and cold winters. The 
average rainfall in this district is 847.30 mm. More than 85% rainfall 
occurs from mid June to September. During the summer, the average 
temperature is 35.5"C. The sandy loam, alkaline soil of Aligarh contains 
on an average, 200 kg of available N/h, 16 kg P/h and 250 kg K/h. 
3.2 M a t e r i a l s 
3.2.1 Varieties used 
Two varieties of urdbean {Vigna miingo (L.) Hepper) namely PU-
19 and T-9 were used in the present investigation. Seeds of both the 
varieties were procured from Government Seed Store, Aligarh (U.P.). 
Both the varieties are well adapted to agroclimatic conditions of Uttar 
Pradesh (including the site of study) and are generally cultivated in this 
region. 
3.2.1.1 Variety PU-19 
This variety was developed at G.B. Pant University of Agriculture 
and technology, Pantnagar (U.P) through the inter-varietal hybridization 
(UPUl XUPU2). Plant is erect with hairy pods. Maturity period varies 
from 70-85 days. Yield ranges from 10-12 q/h. 
3.2.1.2 Variety T-9 
It is a selection from 'Barielly local' developed in U.P. The plant is 
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erect with glaborous pods; matures a little earlier than the var. PU-19, 
yied per hectare ranges from 10-12 quintals. 
3.3 Mutagens used 
Three different chemical mutagens were used in the present study. 
3.3.1 Ethylmethane sulphonate (EMS)- CH3 O SO^ C , H^ 
EMS, a monofunctional alkylating agent, is manufactured by Koch-
Light Laboratories Ltd., Coinbrook Bucks, England. 
3.3.2 Sodium azide (SA)- NaN3 
SA, a respiratory inhibitor, is manufactured by Indian Drugs and 
Pharmaceuticals Ltd. (A Government of India undertaking), Hyderabad, 
India. 
3.3.3 Hydrazine hydrate (HZ)- NH^- NHj-H^O 
HZ, a base analogue, is manufactured by Sigma Chemical Company 
U.S.A. 
3 .4 M e t h o d s 
3.4.1 Preparation of mutagenic solutions 
The solutions of chemical mutagens, ethylmethane sulphonate and 
hydrazine hydrate were prepared at pH7, while the solution of sodium 
azide was prepared at pH3. All the solutions were prepared in phosphate 
buffer. Only freshly prepared solutions were used for all the treatments. 
3.4.1.1 Pre-soaking of seeds 
Fresh and healthy seeds of uniform size from each variety were 
presoaked in double distilled water for 9 hours prior to the treatment 
with mutagens. 
3.4.1.2 Mutagenic treatments 
The following concentrations of chemical mutagens were used for 
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the treatment of presoaked seeds. 
EMS: 0.1 %, 0.2%,0.3%, 0.4% 
SA: 0.01%, 0.02%,0.03%, 0.04% 
HZ: 0.01%, 0.02%,0.03%, 0.04%) 
3.4.2 Sample size:350 seeds were used for each treatment and control. 
3.4.3 Treatment duration: The treatments were given at room 
temperature (27+ 1 ^ C) for 6 hours. 
3.4.4 Controls: For each variety, 350 seeds were again soaked in 
phosphate buffer for 6 hours to serve as controls. 
Flasks containing seeds in the mutagenic solutions were intermittently 
shaken to ensure sufficient aeration. After treatment, the seeds were 
thoroughly washed under running tap water to remove the excess of 
mutagen. 
3.5 Preparation of field 
The field was thoroughly ploughed to ensure the maximum aeration 
of soil before the sowing of seeds. Standard agricultural practices required 
for the cultivation of urdbean were employed. Finally, microplots were 
prepared and irrigated lightly to maintain proper moisture content in the 
sub-surface of soil. 
3 .6 Studies in M^ g e n e r a t i o n 
The exper iments were c o n d u c t e d at R .A .K . Ins t i t u t e of 
Agriculture, Aligarh Muslim University, Aligarh. Three hundred seeds 
were sown in the field with three replications in a complete randomized 
block design (CRBD), with each replicate containing 100 seeds. The 
remaining lot of 50 seeds from each treatment along with their respective 
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controls were germinated in petriplates containing moist cotton, placed 
in B.O.D incubator which was maintained at 27+1 °C temperature in order 
to determine the effect of mutagens on seedling height (including root 
and shoot length). The following studies were carried out in Mj generation. 
3.6.1 Seed germination 
The percentage of seed germination was calculated on the basis of 
total number of seeds sown in the field and number of seeds germinated. 
3.6.2 Seedling height 
Seedling height was recorded after 10 days by measuring the root 
and shoot length from each treatment and control. Seedling injury was 
measured in terms of reduction in seedling height with respect to control. 
3.6.3 Plant Survival 
The surviving plants in different treatments and control were counted 
at the time of maturity and survival was computed as percentage of the 
germinated seeds in the field. 
3.6.4 Pollen fertility 
Pollen fertility was determined from 30 randomly selected plants 
(10 from each replicate) from each treatment and control at the time of 
flowering. Pollen grains were stained with 1 % acetocarmine solution. Well 
stained pollen grains with regular outline were considered as fertile while 
empty shrunken and unstained pollen grains were counted as sterile. 
The following formula was used to calculate the percentage of 
inhibition, injury or reduction. 
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Percentage of inhibition 
or 
Control- Treated 
Percentage of injury = — ^ 100 
or 
Percentage of reduction 
3.6.5 Morphological abnormalities 
The frequency of co ty l edona ry leaf a b n o r m a l i t i e s and 
the a b n o r m a l i t i e s in s i ze and shape of f o l i a g e l eaves 
recorded with different mutagenic treatments was calculated by the 
following formula; 
Number of seedlings showing 
cot./ foliage leaf abnormalities 
Cotyledonary/ foliage leaf = x 100 
abnormalities (%) Total number of Mj Seedlings 
3.6.6 Cytological studies 
For meiotic analysis, young flower buds from each treatment and 
their respective controls in both the varieties were fixed in Camoy's fluid 
(1 part glacial acetic acid: 3 parts chloroform: 6 parts of ethyl alcohol) 
for 30 minutes. The material was then transferred to propionic alcohol 
saturated with ferric acetate for 24 hours. The flower buds were washed 
with and preserved in 70% alcohol. Anthers were smeared in 1% 
p r o p i o n o c a r m i n e s o l u t i o n and pol len m o t h e r ce l l s were 
examined for their behaviour in various stages of microsporogenesis. 
Photomicrographs were taken from temporary preparations. 
3.7 Studies in M^ g e n e r a t i o n 
Twenty five healthy seeds from each normal looking M, plant of all 
different treatments with their respective controls in both the varieties 
were planted in plant progeny rows in M2 generation. Different treatments 
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and controls comprised of 60 progenies. The spacing was maintained at 
30 cm (plant to plant in a row) and 60 cm (between the rows) in the field. 
Three replications were maintained in each treatment as well as control. 
3.7.1 Chlorophyll mutations 
Chlorophyll mutations were scored when the seedlings were 8-15 
days old. They were ident i f ied and classif ied a c c o r d i n g to 
Gustafsson(1940). The frequency of chlorophyll mutations was calculated 
by the following formula; 
Number of mutated seedlings 
Mutation Frequency (%) = — — „_ . _, ,.. xlOO 
Total number of Mj Seedlmgs 
3.7.2 Mutagenic effectiveness and efficiency 
Mutagenic effectiveness is a measure of the frequency of mutations 
induced by unit dose of a mutagen(timexconc.) while mutagenic efficiency 
represents the proportion of mutations in relation to biological damage. 
Formulae suggested by Konzak et ah (1965) were used to evaluate the 
mutagenic effectiveness and efficiency of the mtagens used. 
Rate of mutation (Mf) 
Mutagenic effectiveness 
Duration of treatment xconc. 
Rate of mutation (Mf) 
Mutagenic efficiency % -^ 
'Biological damage in M, generation 
'Biological damage. For measuring the biological damage, three criteria 
were used; 
(i) hijury, i.e. percentage of reduction in seedling height ( M d ) . 
(ii) Sterility, i.e. percentage of reduction in pollen fertility (Mf7S). 
(iii) Meiotic aberrations, i.e. cells showing aberrant meiosis (Mf/Me). 
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3.7.3 Quantitative traits 
Observations were m a d e on 30-35 normal looking plants of each 
progeny for each t r ea tmen t a long with the control . The progenies 
segregating for macro-mutations were not used for such analysis. 
The following nine quant i ta t ive traits were thoroughly studied in 
different generations. 
1 .Days to flowering: N u m b e r of days taken by the plant from date of 
sowing up to the data of opening of first flower bud. 
2.Plant height: Plant height was measured in centimeters from the base 
up to the apex of plant at maturity. 
3. Days to maturity: Number of days taken by the plant from the date 
of sowing up to the date of harvest ing of the plant. 
4. Number of fertile branches: Fertile branches were counted at maturity 
as the number of branches which bore more than one pod. 
5. Number of pods: Number of pods were noted as the number of pods 
borne on a whole plant. 
6. Pod length: The pods were measured in centimeters and the mean for 
each selected plant was calculated for pod length. 
7.Seeds per pod: The best pods were threshed and the number of seeds 
counted. The mean was calculated for each plant. 
8. iOO-seed weight (g): It was taken as a weight of a random sample of 
100 seeds from each plant. 
9. Total plant yield (g ) : Plant yield was the weight of total number of 
seeds harvested per plant and the yield of each plant was recorded in 
grams. 
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3.8 S t u d i e s in M^ g e n e r a t i o n 
For raising M3 generation, two treatments of each chemical mutagen 
for each variety were selected which gave the maximum total plant yield 
in M2 generation. The selected treatments included 0.2 and 0 .3% of 
EMS and 0.02 and 0.03% of both, SA and HZ. For each of these treatments 
10 M2 progenies were selected which showed significant deviation from 
the mean values in positive direction from the mean values of control, 
particularly for the yield components studied in M^ generation. Seeds 
from each selected M^ progeny were sown in plant progeny rows. Pleints 
showing morphological, chlorophyll and other variations were discarded 
from each progeny and sown separately. Seeds were taken only from 
the normal looking M^ plants. The plant to plant and row to row distance 
was kept the same as in earlier experiments. Traits studied in M3 
generation were the same as in M^ generaton. 
3.8.1 Seed protein estimation 
S e e d p ro te in con ten t of t h e m u t a n t s i so la ted in M3 
g e n e r a t i o n was es t imated fo l l owing the method of Lowry 
et al. (1951), A brief summary of the method is given below: 
Seed powder dried in an oven at 80°C overnight was cooled in a 
desicator and transferred to morter for fine grinding, with 5 ml of DDW 
added to it. The ground material was collected in a centrifuge tube for 
centrifugation at 4000 r p m for 30 minutes. The supematent collected in 
a 25 ml volumetric flask with 2-3 washings with DDW and final volume 
made up to the mark with DDW, was used for the estimation of soluble 
seed protein. 
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3.8.1.1 Insoluble protein estimation 
To the residue, 5 ml of 5% trichloroacetic acid (TCA) was added 
followed by thorough shaking. The solution was allowed to stand at room 
temperature for 30 minutes. It was then centrifuged at 4000 r p m for 10 
minutes and supernatent discarded. 5ml of IN sodium hydroxide was 
added to the residue, shaken well and then allowed to stand in water 
bath at 80°C for 30 minutes. It was then cooled and centrifuged. The 
supernatent together with three washings with IN sodium hydroxide was 
collected in a 25 ml. volumetric flask and volume made up to the mark 
with IN sodium hydroxide. For the estimation of insoluble protein, 1 ml 
of sodium hydroxide extract was transferred to a 10 ml test tube and 1 
ml of reagent D(Appendix V) was added. After allowing it to stand for 
10 minutes, 0.5 ml. of reagent E (for reagent symbols see Appendix V) 
was added to it followed by intermittent shaking. After 30-40 minutes, 
the optical density of the blue solution so obtained was read at 660nm 
on Spectronic-20 colorimeter. A blank was run with each sample. The 
optical density of this solution was compared with the standard curve 
used for soluble proteins. 
3.8.1.2 Soluble protein estimation 
For the estimation of soluble protein, 1 ml of water extract from 
supernatent was transferred to a 10 ml test tube. 5 ml of reagent C was 
added. The solution was mixed and allowed to stand for 10 minutes at 
room temperature, 0.5 ml of reagent E was added to it with immediate 
shaking. After 30 -40 minutes, the blue coloured solution was transferred 
to a colorimetric tube and its optical density (O.D) was read at 660 nm 
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using Spectronic-20 colorimeter.A blank was run simultaneously. The 
soluble protein content was estimated by comparing the optical density 
of each sample with a calibration curve plotted by taking known dilutions 
of a standard solution of egg albumin. 
3.8.2 Standard for protein 
A range of 10 volumes from 0.1 to 1.0% of solubilized egg albumin 
was taken in test tubes. The solution in each test tube was diluted in 
sequence with double distilled water to make the final volume of each 
test tube equal tol ml. In each test tube, 5 ml of reagent C was added 
and the solution allowed to stand for 10 minutes at room temperature. It 
was followed by the addition of 0.5 ml. of reagent E. The optical densitv 
of the solution was read at 660 nm as in case of other solutions. 
Total seed protein content was estimated by adding the values for 
soluble and insoluble protein of individual samples. For each sample 
mean of three replications was taken. 
3.9 Statistical analysis 
Data collected for nine quantitative traits in M^ and M3 generation 
were subjected to statistical analysis in order to assess the extent of 
induced variation as mentioned below; 
3.9.1 Mean(X) 
The mean was computed by taking the sum of the number of values 
(X,, X2 \) and dividing by the total number of values (N) 
involved, thus; 
X + X + X 
1 ^ n 
x = 
N 
O r x = 
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Z x n 
N 





SD = Standard deviation 
N = Number of observations 
3.9.3 Components of Variance 
Analysis of variance was done according to Singh and Chaudhary 
(1985) to find out the variation between the families and within the 
families.The components of variance considered were; 
(i) within- famil>' variation in the control and treated material which was 
an estimate of environmental variation, 
(ii) between-famih' \ariation which was an estimate of the 
between family genetic variations . 
3.9.3.1 Genotypic variance (a^g) 
The genotypic variance (a^g) was estimated by the following 
formula; 




MSgj.and MS^= Mean sum of squares for between families and within 
families/ or error respectively. 
41 
N = number of replications. 
3.9.3.2 Genotypic coefficient of variation (GCV) 
GCV (%) = X 100 
X 
3.9.4 Phenotypic variance (a^p) 
Phenotypic variance was estimated by summing the estimated 
genotypic variance (a^g) and the environmental variance (Mse or a^E) 
a^p=a^g+a^e 
3.9.4.1 Phenotypic coefficient of variation (PCV) 
V a^p 
PCV(%) = x ioo 
X 
3.9.5 Heritability (h )^ 
It is the ratio of genotypic variance to the total phenotspic variance. 
The broad sense heritability (h^) was estimated by the formula suggested 
by Johnson ef a/. (1955). 
a^g 
h2(%) = xioO 
aH 
Where, 
a^g = induced genotypic variance 
<jh = total phenotypic variance 
{ah =a^g+a^e) calculated from treated population. 
3.9.6 Genetic advance (GA or Gs) 
The estimates of genetic advance (GA)with 1% selection intensity 
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were based on the formula derived by Allard (1960) and modified by 
Khan (1979). 
GA= k. ap . h^ 
where, 
h^= broad sense heritability 
CTp= phenotypic standard deviation of the mean 
performance of treated population 
k=2.64, constant for 1% selection intensity 
GA 
GA (%of X)= X100 
X 
3.9.7 Test of significance 
The least significant difference was applied and computed as follows; 
Stepl. Construction of data table for 5 treatments and three replicates: 
The data were compiled such that each treatment occupied a column 
and their replicates were arranged in rows. 
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Rows Column(treatxnents)No. Total of Rows Square of total 
(Replicates) (Replicates) of rows 
(S) 
T, T , T3 T , T3 
R, A, B, C, D, E, A,+ E,=X^ (X^f 
R, A, B, C, D, E, A,+ E,=X, (X^f 
R3 ^ B3 C3 D3 E3 A3+ E3=X3 (X^f 
Total of A,+ A3 Bj+ B3Cj+ C^^^+ D^E^+ E3(x,)2+ (X^f 
Columns(I)=Y, =Y^ =Y^ =Y^ =Y^ =Wr 
Grand Total 




total of columns (Y^y (Y^y (Y^f (Y^f (Y^Y {Y^y+....( Y^y^ WY 
ay 
Sum of Square 
" ' * " " " " ^ 1^  
Columns 
ar 




L J j y \ 
- ^ K V 
= ^ 3 
' - 3 / V • ^ 1 ^ ' V^3>' 
=Z, 
Z, + 
VA-'l-' ' Vi-37 
= ^ 3 
Z5 = W z 
Step-2. Correction Factor (CF) 
(Grand total)^ 
CF= 




Where, t= number of treatments 
Wx= grand total 
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Step-3. Total sum of squares: This is the sum of squares of all the values 
in the table, minus the correction factor. 
SSQT=[(A,)MB,)2+ (E,)^]-CF 
or SSQT= Wz-CF 





Or SSQT = CF 
r 
Where, r= number of replicates 
Step-5 Sum of squares of replicates (SSQr) 
SSQr = CF 
Wr 
Or SSQr = CF 
t 
where, t = number of treatments 
Step-6. Sum of squares of Error (SSQE) 
SSQE = SSQT-(SSQt-SSQr) 
Step- 7. Estimated variance of error (MSE) 
SSQE 
MSE = V 
( t - l ) ( r - l ) 
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Step-8. Least significant difference based on ordinary t-test (LSD). 
,2MSE 
LSD at 5% level = V x(t-value at 5%) 
2MSE LSD at 1 % level = V x(t-value at 1 %) 
If the difference between any two sample means exceeds the least 
significant difference (LSD) values obtained at 5% and /or 1 % level, the 
difference between the two means is said to be significant at 5% and/ or 
1% level. 
3.9.8. Correlation coefficient (r) 




Where, N=number of pairs of observations 
Sx= sum f x-values (say number of pods) 
Sy= sum of y-values (say total plant yield) 
Sx^= Square of each x-value and their sum 
Sy^= Square of each y-value and their sum 
Sx>'=Product of each pair (x Jind y) and their sum 
3.9.9. Test of significance of r 
It was computed by the following formula: 
N - 2 
t=rV 
l - r 2 
Where, r= correlation coefficient. 
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N= total number of observations. 
The observed value o f r' is compared with the tabulated value for 
(N—2) degree of freedom. If the observed value is more than the table 
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Results obtained on various morphological and economic parameters 
in mutagenized population of urdbesin have been elaborated in this chapter. 
4.1 S tud ies in M^ g e n e r a t i o n 
4.1.1 Biological damage 
The biological damage induced by three chemical mutagens namely 
ethylmethane sulphonate (EMS), sodium azide (SA) and hydrazine hydrate 
(HZ) in terms of the effect on seed germination, seedling height, plant 
sur\ ival, microsporogenesis, pollen fertility along with the induction of 
certain cotyledonary as well as foliage leaf abnormalities is given below: 
4.1.1.1 Seed germination 
The results obtained on per cent seed germination are presented in 
Table 4. A gradual and dose dependent reduction in germination with all 
the mutagenic treatments was recorded in both the varieties(PU- 19 and 
T-9) of urdbean. Both the varieties differed in the extent of reduction in 
seed germination. In var. PU-19, germination was recorded to be 93.66 
per cent in control. Sodium azide was found to cause maximum reduction 
in seed germination followed by EMS and HZ treatments (Table 4). In 
SA treated population, the percentage of reduction ranged from 88.00 in 
0.01 % to 59.33 per cent at 0.04% concentration of the mutagen. 
In var. T-9, germination was affected more adversely than in var. 
PU-19. The highest percentage of germination (92.33) was recorded in 
control. EMS treatments caused severe reduction ranging from 85.33 in 
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mutagens with regard to germination was EMS followed by SA and HZ. 
The seed germination in hydrazine hydrate treatments was slightly 
higher than those of other two mutagens in both the varieties. 
In general, germination started on the fifth day after sowing in controls 
of both the varieties. However, it was delayed by more than two days in 
the lots treated with higher concentrations of all the three mutagens. The 
delay in germination was found to be much pronounced with SA 
treatments. The var.T-9, showed greater sensitivity to the mutagenic 
treatments than var. PU-19. 
4.1.1.2 Seedling height 
Data recorded for seedling height of 10 days old seedlings raised in 
petriplates in B.O.D. incubator are presented in Tables 5 & 6. Results 
showed that all the mutagenic treatments brought about reduction in 
seedling height which was also dose dependent .The reduction in seedling 
height was more pronounced in SA treatments in both the varieties of 
urdbean. The seedling injury was more drastic at higher concentrations 
of the mutagens. In var. PU-19, the total seedling height (root and shoot 
length) was 12.81 cm in control. Seedling injury varied from 4.99- 21.54; 
9.13- 29.35 and 4.29-19.35 per cent in EMS, SA and HZ treatments 
respectively. 
In var. T-9 seedling height was 12.20 cm in control. It was affected 
drastically in SA treatments followed by EMS and HZ treatments. Seedling 
injury in SA treatment ranged from 6.22 to 30.00 per cent with 0.01 to 
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4.1.2 Morphological abnormalities at seedling stage 
4.1.2.1 Cotyledonary leaves 
The development of abnormal cotyledonary leaves was the most 
common phenomenon encountered in the mutagenized population of 
urdbean. The frequency of different types of cotyledonary abnormalities 
recorded in Mj generation is presented in Table 7 (Plate I). Variations in 
shape, size and number of cotyledonary leaves were recorded with 
different mutagenic treatments in both the varieties. However their 
frequency of occurance differed among the mutagens with HZ surpassing 
EMS and SA in the induction of such anamolies. The two varieties showed 
differences in frequency of a particular anamolie even at a similiar 
concentration of mutagens. SA induced the least frequency of such 
anamolies. 
The characteristic anamolies in cotyledonary leaves recorded in the 
present investigation are summarised below: 
Type I. A single cotyledonary leaf at cotyledonary stage instead of a pair 
as in normal case 
Type II. An extra cotyledonary leaf 
Type III. An extra pair of cotyledonary leaves 
Type IV. Three extra cotyledonary leaves 
Type V. Two extra pairs of cotyledonary leaves 
Type VI, Deformed cotyledonary leaves. 
4.1.2.2 Leaf morphology 
Frequency of mutagen induced leaf abnormalities in the form of 
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presented in Table 8; Plate II.The frequency of leaf abnormalities was 
dose dependent in both the varieties.Although such variations were 
observed in both the varieties, their frequency was found to be more in 
var.T-9 than var. PU-19. Among the three mutagens, HZ was found to be 
fairly potent in inducing leaf anamolies in the highest frequency followed 
by EMS and SA. A few plants showing variation in leaflet number in HZ 
treated population in M, bred true in M^ generation instead of segregating 
into normal and mutant types.A brief account of each type is given 
below: 
Typel. Narrow long Ieaflets:Plants possessing narrow long leaflets were 
encountered in EMS and HZ treated population of both the varieties. 
The plants were fertile. 
Typell. Leathery leafletsiThe leaflets were thick dark green and leathery-
with irregular lamina.Plants bore good number of pods. 
Typelll. Fused leafletsiThe leaflets were fused at the base and only the 
tips were free. 
TypelV. UnifoliaterUnlike the normal trifoliate condition, some leaves 
were unifoliate and the leaf appeared to be simple instead of being 
trifoliate. Leaves were broader and thicker. 
TypeV. Bifoliate:In both the varieties, bifoliate leaflets were observed 
with EMS treatments only. 
Type VI.Multifoliate:Plants possessing tetra- and pentafoliate leaves were 
observed with HZ and EMS treatment in both varieties(Platen, Figs.4&5). 
The leaflets were thin, light green in colour and narrow at the apex. The 
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4.1.3 Cytological studies 
Meiotic studies were carried out to estimate the potency of mutagens 
in relation to the induction of chromosomal aberrations at various stages 
of cell division. 
Urdbean contains 11 bivalents (2n=22) which are small in size and 
recognizable at higher magnification (1 OX 100). Meiosis in plants treated 
with lower concentrations of mutagens revealed more or less normal 
pairing like that of control. However a consistent increase in the frequenc> 
of different types of chromosomal abnormalities was observed with the 
increasing concentrations of mutagens.Various types of induced 
chromosomal aberrations included the formation of univalents, 
multivalents, laggards, bridges, and micronuclei. In addition to these, 
behavioural changes like misorientation, precocious separation, cytomixis 
and nucleolar disorganization were observable particularly at higher 
concentrations of the three mutagens (Tables 9 &10; Plates III&IV). The 
mutagens also differed among themselves with regard to the frequency 
and some types of abnormalities. The higher treatments of all the three 
mutagens were however, observed to induce stickiness in the 
chromosomes which even persisted up to anaphase. Chromosomal 
breakage was observed only with the higher treatments of mutagens. The 
maximum frequency of abnormalities, both structural and behavioural 
was induced by EMS followed by HZ and SA in both the varieties 
(Fig.a-c)Variety T-9 proved to be more sensitive than var. PU-19 in terms 
of increased frequency of chromosomal aberrations due to the mutagenic 
treatments. 
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Fig. cFlrequency of HZ induced meiotic abnormalities in 
urdbean. 
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4.1.4 Pollen fertility 
The study of pollen fertility in the mutagenized population forms a 
reliable index in assessing any internal change in the plants as well as in 
determining the mechanism of action and efficiency of a particular mutagen 
because this trait is stable and genetically controlled one. 
Data recorded on the effect of chemical mutagens on pollen fertility-
are presented in Table 4. Some 6 per cent pollen sterility was also observed 
in control plants of both the varieties, but the reduction in pollen fertilit\ 
in the mutagen treated population was quite high and dose dependent in 
all the mutagen treatments. The highest percentage of reduction (33. 31 
at 0.4% EMS& 27.10 at 0.04%HZ) in pollen fertility was observed with 
EMS and HZ treatments in var.PU-19. Reduction in pollen fertility was 
more drastic (36.35 and 32.15%) with the highest concentrations of EMS 
and HZ in var.T-9.Pollen sterility induced by SA treatments was found 
to be less in comparison with EMS and HZ in both the varieties. 
4.1.5 Plant survival 
Data on plant survival recorded at maturity in Mj generation has 
been presented in Table 4. As evident from the table,the percentage of 
surviving plants showed a decreasing trend with the increasing 
concentrations of all the three mutagens in both the varieties. The highest 
percentage of plant survival was noted in the controls of the two varieties 
followed by HZ,SA and EMS treatments respectively. 
4.1.6 Quantitative traits 
Data recorded on nine quantitative traits namely, days to flowering , 
plant height, days to maturity, number of fertile branches/plant,pods/ 
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plant,pod length , seeds per pod, 100-seed weight and total plant yield in 
mutagenized population of urdbean in M, generation are presented in 
appendices I & II.The data were subjected to statistical analysis to find 
out the mean (x), s t anda rd e r r o r ( ^ E ) a n d coef f ic ien t of 
variation(CV%).The calculation of average mean of different traits 
presented in appendices III&IV shows that mean remained unchanged 
for most of the traits studied in M^ generation. However, the values of 
coefficient of variation were found to be increased over control in almost 
all the traits. The values of coefficient of variation differed conspicuously 
from trait to trait. The highest increase in C V over control was recorded 
for fertile branches per plant in both the varieties. 
4.2 Studies in M^ generat ion 
4.2.1 Seed germination 
The percentage of seed germination in the control and treated 
population of the two varieties viz; PU-19 and T-9 of urdbean in M^ 
generation is given in Table 11. Although a dose dependent decrease in 
seed germination persisted,the percentage of germination showed a good 
proportion of recovery in M^ generation. In var. PU-19, the highest 
concentrations of the three mutagens namely, EMS, SA and HZ showed 
69.20; 65.80 and 72.40 per cent seed germination respectively, whereas, 
in var. T-9, the highest treatments of the three mutagens recorded 59.60; 
62.33 and 67.20 per cent germination indicating that although the 
percentage of inhibition increased with the increasing mutagenic 
concentrations, the values of percentage inhibition in seed germination 
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4.2.2 Plant survival 
Data on plant survival in M2 generation was recorded at maturity 
(Table 11). Although the survival of plants was linearly reduced in various 
mutagenic treatments, the recovery pattern among the mutagens has 
differed for this parameter to a high extent. 
4.2.3 Pollen fertility 
The percentage of pollen sterility in M2 was found to be less than 
that of M, generation indicating that a recovery process has operated in 
the intervening period (Table 11). In both the varieties, maximum pollen 
sterility was recorded in EMS and minimum in SA treated population. 
4.2.4 Chlorophyll mutation frequency and spectrum 
During the first 15 days at seedling stage, chlorophyll mutations 
were obtained in the treated population of varieties PU-19 and T-9 of 
urdbean. Six types of chlorophyll mutants were identified and classified 
according to Gustafsson (1940). The broad spectrum of chlorophyll 
mutations included albina, chlorina, maculata, tigrina, viridis and xantha 
in both the varieties (Tables 12 & 13). The seedlings initially looked to 
be normal but started showing different types of chlorophyll deficiency 
at the later stage of growth. Out of the spectrum of chlorophyll mutants 
obtained, chlorina, maculata and viridis survived up to maturity period 
while albina, tigrina and xantha died at seedling stage. A brief description 
of different chlorophyll deficient mutants is given below: 
Albina: It is a lethal mutant, easily identified in the field because of white 
colour of the whole seedling. These seedlings survived for 8-10 days 
after germinaton. 
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Chlorina: These were characterized by the presence of Hght green colour 
of first pair of cotyledonary leaves. The emerging leaves were also light 
green and turned out darker with the approach of maturity stage but 
never regained the normal colour. Some of them died within 15 days. 
However, a few vigorous, surviving plants exhibited late flowering and 
maturity. 
Maculata: Seedlings showed yellow or whitish yellow dots on 
cotyledonary leaves. The trifoliate leaves were initially very small. These 
mutants survived till maturity time and produced few pods. 
Tigrina: The leaves were yellow with green band and patches typical of 
the colour of the skin of Indian frog. The mutants survived for about 25 
days. 
Mridis: The mutants were characterized by reduced height and viridine 
green colour of leaves. Leaf shape was unaltered but leaf size was reduced. 
The plants were slow growing, had reduced size and low seed yield. 
Xantha: These mutants were predominant in the population characterized 
by bright yellow colour of the seedlings. The saidlrngs survived^orxj 0 -
15 days only. i ( Ace. No ' 
The chlorophyll mutation frequency was C9^<:^\j^^6.onpfpgQny as 
well as M^ seedling basis. The trend of the mutation frequency was similiar 
in both the methods. Therefore, results are dealt with on M2 plant basis. 
Both the varieties were found to respond the mutagenic treatments 
differently. Variety T-9 appeared to produce more number of chlorophyll 
mutants than var PU-19 (Tables 12 &13 Figs. d-f). However, in both the 
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Fig. f.Frequency of HZ induced chlorophyll mutations in 
urdbean. 
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predominant. In both the var ie t ies , the highest chlorophyl l muta t ion 
frequency was observed with HZ treatments followed by E M S and SA 
treatments. EMS differed markedly from other two mutagens with respect 
to the relat ionship of d o s e wi th the mutat ion frequency. Muta t ion 
frequency was found to be dose dependent in EMS t rea tments in both 
the varieties, whereas no such relationship was observed in SA and HZ 
treatments. 
4.2.5 Mutagenic effectiveness and efficiency 
Data on effectiveness and efficiency of various mutagenic treatments 
worked out on the bas i s of frequency of chlorophyl l m u t a t i o n s are 
presented in Tables 14 & 1 5 . A persual of resul ts r evea led that the 
effectiveness and efficiency of the three mutagens varied not only within 
the treatments of a mutagen but also among the mutagens. HZ proved to 
be more effective than SA and EMS in both the varieties.The values for 
mutagenic effectiveness with exception of HZ treatments in var. T-9, did 
not follow any par t i cu la r t rend in both the var ie t ies .Effec t iveness 
decreased at the highest concentrations of all the three mutagens used in 
the present study. In var. T-9, HZ treatments showed a dose dependent 
increase in effectiveness with the values being as high as 42.16 with 0.04% 
HZ treatment. Based on the values of effectiveness in both the varieties, 
the order of mutagenic effectiveness was HZ> SA> EMS. 
Mutagenic efficiency is the measure of proportion of mutat ions in 
relation to biological damage caused in M^ generation. Three criteria 
viz; seedling injury (mf/I), pollen sterility (Mf/S) and meiotic abnormality 
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varied depending upon the criterion selected for its estimation. Based on 
seedling injury and sterility, HZ proved to be the most efficient mutagen 
followed by EMS and SA in both the varieties. Moderate concentrations 
of mutagens proved to be generally more efficient than the lowest and 
the highest ones (Tables 14&15). Based on the meiotic aberrations induced, 
the order of efficiency was HZ>SA> EMS. A s the values for mutagenic 
efficiency among these mutagens were not markedly different in some 
cases , da ta were pooled to derive a c o m p r e h e n s i v e order of the three 
mutagens in the form of determinat ion of muta t ion rate (Table 16). In 
both the var ie t ies the order of m u t a g e n i c efficiency was found to be 
HZ> EMS> SA. 
4.2.6 Morphological mutations 
Screening of phenotypically detectable mutations in the mutagenized 
popula t ion in M2 generation revealed a wide range of morphological 
mutants (Table! 7; Plate V). These mutants were classified on the basis 
of the trait affected. The extended variability among mutants was assessed 
in t e rms of muta t ion frequency based on both , per cent of the total 
morphological mutat ions as well as per cent of the total M^ surviving 
population (Table 18). A brief description of the morphological mutants 
is given below: 
(!) Mutat ions affecting plant he igh t 
(a) D w a r f m u t a n t s : These were i so la ted in E M S and HZ treated 
population of var. PU-19 at higher concentrations. The mutants possessed 
short internodes associated with a significant reduction in the length of 


































































































































































































it was 33.16cm in control. Out of 5 dwarf mutants, one mutant isolated 
in var. T-9 possessed long and light green leaves. It bore 3-4 pods only. 
The frequency of dwarf mutants was 3.20 per cent of the total 
morphological mutations. 
(b) Semidwarf mutants: These were isolated in 0.02% SA and 0.03 % 
HZ treatments in var. PU-19. The mutants were fertile. Although the 
branches were reduced in number, the pods per cluster were increased 
thus making them economically important (Plate V;Fig.3). These mutants 
grew up to an average height of 20.36 cm and possessed hair>' and bold 
pods. One semidwarf mutant possessed long leathery leaves. The 
frequency of semidwarf mutants was 3.20 per cent of the total 
morphological mutations. 
(c) Tall mutants: Tall mutants obtained with lower concentrations of the 
three mutagens in both the varieties, grew up to an average height of 
46.53 cm. Number of branches and pods in tall mutants was found to be 
low except one obtained with 0 .01% HZ in var.PU-19(Plate V; Fig.4). 
These appeared at the frequency of 12.17 per cent of the total 
morphological mutations. 
(ii) Mutations affecting growth habit 
(a) Prostrate mutants: These mutants possessing reduced number of 
branches had a tendency of lying close to the ground atleast for some 
distance and then rising up.Flowering was delayed by more than 4 days 
but the yield remained unaffected. They were obtained in var. PU-19. 
Their frequency was 6.41 per cent of the total morphological mutations. 
(b) Compact mutants: These mutants had reduced plant height and 
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secondary branches. Pods per cluster were not altered but the pod size 
was reduced. Frequency of such mutants was 3.84 per cent of the total 
morphological mutations. 
(iii) Mutations affecting leaf morphology 
Leaf mutants: Among the mutants isolated in M^mutations affecting leaf 
texture ,shape and s ize were predominant (Plate II; F igs .2-6) . Their 
frequency was 19.87 per cent of the total morphological mutations. 
(iv) Mutations affecting maturity period 
(a) Early matur ing mutan t s : Six mutants were obtained in EMS treated 
population of variet ies PU-19 and T-9. The mutants matured 5-7 days 
earlier than the control plants. The frequency of these mutants was 3.84 
per cent of the total morphological mutations. 
(b) Late maturing mutan t s : Few late maturing mutants were recorded in 
EMS and HZ treatments in both the varieties. Number of fertile branches 
and pods remained unaffected. They comprised 12.82 per cent of the 
total morphological mutations. 
(V) Mutations affecting yield 
(a) Increased number of branches: Mutants disclosing increased number 
of branches were obtained in the mutagenized population. Two categories 
of such mutants were isolated, (i)mutants with increased number of fertile 
branches(Plate V; Fig. 5) which were evaluated up to M^ generation and 
(ii) mutants with increased number of branches not essentially fertile. 
Both the categories of mutants were characterized by luxuriant growth 
and increased number of leaves. Their frequency was 12.82 per cent of 
total morphological mutations. 
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(b) Non flowering / vegetative mutants: These were no t i ced in EMS 
treatments in var. PU-19. They did not bear even a single flower. They 
had an erect and strong stem and continued to grow vegetatively by the 
t ime other flowering plants were setting pods.Their frequency as against 
the total morphological mutations was 1.28 per cent. 
(c) Increased pods/Cluster: The mutants possessed the branches bearing 
5-7 pods per cluster (Plate VII; Figs.2&6). They were obtained in \ arious 
treatments of all the three mutagens. These mutants were high > ielding 
and evaluated up to M^ generation. They accounted for 17.30 per cent of 
the total morphological mutations. 
(d) Bold seeded mutants: Two mutants obtained with HZ t reatment m 
var. PU-19 possessed hair>' pods containing bold seeds of dull black 
colour(Plate VII; Fig.4). The number of branches and lea\ es was reduced 
in these mutants. Total seed protein content of the mutan ts es t imated 
separately showed a slight increase (23.63%) from control plants (23.53%) 
. Their frequency was 1.28 per cent of total morphological mutat ions. 
4.2.6.1 Frequency of morphological mutations 
Frequency of various morphological mutations was es t imated for 
individual types based on per cent total morphological mutations as well 
as for total morphological mutants induced in the surviving population 
of the two variet ies (Table 18). The highest f requency (50%o) of 
morphological mutations was induced by HZ followed b \ EMS (31.41 %) 
and SA (1 8.58% Fig.g). The values for mutation frequency based on 
total surviving M^ population were 1.01, 0.72 and 0.40 per cent for HZ, 
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Fig. g. Frequency of morphological mutations. 
(Small blocks represent per cent of total population.) 
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EMS and SA treatments respectively. The frequency of morphological 
mutations was higher in var. PU-19 than var. T-9 (Table 18). 
4.2.7 Quantitative traits 
In a breeding p rogramme of self-pollinated crops l ike urdbean, a 
wide range of genetic variability particularly for quantitati\ 'ely inherited 
traits forms the basis for affective selection. Selection within the base 
population and utilization of the selected material would produce desired 
ideotypes. 
In the present investigation, mutagen induced genetic \ ariability for 
nine quantitative traits in two varieties of urdbean \ i z : PU-19 and T-9, 
was studied to screen micromutat ions . Since the es t imates of genetic 
parameters provide guidlines for the improvement of quali tat ive traits, 
the parameters like phenotypic and genotypic coefficients of variation, 
heritability (broad sense) and genetic advance (per cent of mean) were 
determined for each t rea tment . Results obtained for each trait in the 
mutagenized population are individually elaborated below; 
(1) Days to flowering 
The data on estimates of mean values, shift in mean, coefficients of 
variation, heri tabil i ty and genet ic advance for days to f lowering are 
presented in Tables 19 &20. The mean values shifted in negative direction 
(except for 0.01 % HZ in both varieties) with all the mutagenic treatments. 
In var. PU-19, the mean days to flowering were significantly reduced by 
3 days with the higher concentrations of SA and HZ, whereas, in variety. 
T-9, 0.4% EMS and 0 .04% HZ treatments reduced simil iar number of 
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The values of phenotypic and genotypic coefficients of variation 
showed that variabiHty was much pronounced in the treated population 
as compared to the respective controls of the two varieties. The highest 
phenotypic (8.53%) and genotypic (7.93%) variation was recorded with 
0.4% EMS treatment in var.PU-19. Although the mutagenic concentrations 
were incresed in a linear order, the values for the coefficients of variation 
did not show any relationship with the dose. 
Heritability and genetic advance showed a considerable increase o\'er 
control in both varieties of urdbean. In var. PU-19 the maximum 
heritability (92.68%) was recorded with 0.2%) EMS whereas it was 90.38%. 
with 0.02%) HZ treatment in var.T-9. 
It was observed that higher values of heritability were generally 
associated with higher values of genetic advance for days to flowering. 
The maximum genetic advance, 19.55 % at 0.4%o EMS and 17.44%o at 0.02%o 
HZ was recorded for varieties PU-19 and T-9 respectively. 
(2) Plant height (cm) 
The results obtained on the effect of different mutagens on plant 
height are presented in Tables 21 &22. A glance at the tables indicates 
that immense variation was induced by various mutagenic treatments for 
this trait. Mean values shifted significantly towards negative direction 
with almost all the treatments. Plant height was affected more adversely 
with SA treatments than the other two mutagens in both the varieties. 
Baring few treatments, reduction in plant height was found to be dose 
dependent. 
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over control and differed in different treatments of mutagens. The highest 
genotypic coefficient of variation (7 .27%) was induced with 0 .04% HZ 
in var. PU-19. EMS treatments were capable of inducing high phenot>pic 
(PCV) and genotypic (GCV) coefficients of variation as compared to 
SA and H Z t rea tments in var. PU-19 . The effect of difference in the 
genetic make up of the two varieties on mutagenic response was disclosed 
by the observation that in var. T-9, SA followed by HZand EMS treatments 
induced high values of both, PCV and GCV. 
Heri tab i l i ty and genetic advance increased considerably in the 
mutagenized population.In var. PU-19, the highest estimate of heritabilit>' 
( 5 2 .23% ) was recorded with 0 . 0 3 % HZ as against control (2 1.74%) 
whereas it was the highest (52.55%) at 0 .2% EMS in var. T-9. The control 
population of T-9 gave 21.27% heritability. 
The genetic advance expressed as per cent of mean increased for all 
the m u t a g e n i c t rea tments appl ied to bo th the variet ies and was the 
h ighes t , 1 0 . 1 3 % in var. PU-19 and 8 . 7 1 % in var. T-9. The above 
observat ions were made on the E M S treated population. The h ighes t 
genetic advance in the material treated with SA was 10.18% and 8.62% 
in varieties PU-19 and T-9 respectively. In case of HZ treatments, it was 
13.30% in var. PU-19 and 8.65% in var. T-9. 
(3) Days to maturity 
The results analysed for days to maturi ty are presented in Tables 
23&24. The control plants of var. T-9 matured six days earlier than the 
control plants of var. PU-19. The mean values shifted in negative direction 
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reduction in mean days to maturity was observed with 0 .3% EMS and 
0.2% and 0.04% HZ treatments in var. PU-19.In var. T-9, 0.4% EMS and 
0.03% HZ significantly reduced the mean days to maturity by over 3 
days in comparison to control. Among the three mutagens, HZ surpassed 
the other two mutagens in reducing the mean values for days to maturity. 
Genotypic coefficient of variation was recorded to be high with EMS 
treatments in var. PU-19, whereas ,it was high in var. T-9 with HZ 
treatments.EMS (0.2%) treatment gave the highest phenotypic(5.35%) 
and genotypic(4.90%) coefficients of variation in var. PU-19. The highest 
PCV(8.14%)and GCV(6.85%) were recorded with 0.02% HZ in var.T-9. 
Mutagenic treatments enhanced the heritability and genetic advance 
for days to maturity in both the varieties. As high as 92.13% heritabilit>' 
was displayed with 0.04% HZ followed by 91.87% with 0.1 % EMS in 
var. PU-19.The highest value of heritability (89.12%) was noted at 0.04% 
SA in var.T-9. 
Genetic advance varied from treatment to treatment. The maximum 
genetic advance in the treated population of the var. PU-19 was 12.21% 
recorded with 0.04% HZ treatment while, its values were recorded to be 
maximum (14.00%) at0.3%EMS and (15.23%) atO.02% HZ in var.T-9. 
High values of genetic advance were not always associated with high 
heritability for days to maturity . 
(4) Number of fertile branches 
Data recorded for the number of fertile branches per plant are 
presented in Tables 25&26. The shift in mean was both in positive as 
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positive direction in both the varieties. Variety PU-19 gave higher number 
of fertile branches than var. T-9. The shift in mean values was found to 
be statistically significant for most of the mutagenic treatments, hi general, 
moderate concentrations of the mutagens showed increasing trend in mean 
values for this trait. 
All the mutagenic treatments enhanced the phenotypic and genotypic 
coefficients of variation over control in var.PU-19, whereas the values 
for GCV showed a decrease with the increasing mutagenic treatments 
except for EMS treatments in var. T-9. The difference in response of the 
two varieties to various mutagenic treatments was evident from the 
observation that EMS was found to exhibit maximum values for PCV 
and GCVin var. PU-19 while such values were higher with HZ treatments 
than EMS and SA in var.T-9. 
Heritability increased in the mutagenized population with the 
exception of 0.04% SA in var. T-9 and 0.04% HZ in both PU-19 andT-9. 
Maximum heritability (58.95%) was obtained with 0 .3% EMS in var. 
PU-19, whereas, it was maximum (68.03%,) with 0.2% EMS in var.T-9. 
In general, moderate treatments in var.PU-19 and lower treatments of 
mutagens in var.T-9 gave appreciably high values of heritabilit>. 
The genetic advance increased over control in both varieties of 
urdbean. The maximum genetic advance (32.80%) was recorded with 
0.1 %) EMS in var.PU-19, while it was recorded to be maximum (23.83%.) 
with 0.02%) HZ in var. T-9. 
(5) Number of pods/plant 
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coefficient of phenotypic and genotypic variation, heritability and genetic 
advance. The mean values for number of pods per plant shifted in both 
positive and negative direction. The lower concentrations of the mutagens 
sigificantly increased the mean number of pods while mean was reduced 
significantly with higher concentrations except for 0.4% EMS and 0 .04% 
SA in var. T-9. In general, the mean va lues increased more in var .T-9 
than invar. PU-19. 
The phenotypic and genot>'pic coefficients of variation general ly 
increased over control with afew except ions . The values of G C V were 
recorded to be higher in HZ treatments followed by EMS in var. PU-19, 
while E M S proved to be the most affective in inducing higher values of 
G C V followed by SA in var. T-9.The highest PCV (10.77%) and G C V 
(8.49%) was observed with 0 .02% of SA treatment in var.T-9. 
The estimated heritability showed considerable variation for the 
number of pods per plant, the highest values were observed for 0 . 0 2 % 
HZ (63.58%) in var. PU-19 and 0 .2% E M S (70.90%) in var. T-9. 
The genetic advance also increased in various mutagenic treatments 
except afew treatments where it decreased in comparison to control. The 
highest genetic advance 12.39% with 0 .2% EMS and 17.66% with 0.02%) 
SA treatments was obtained in the varieties PU-19 and T-9 respectively. 
(6) Pod length (cm) 
The data on pod length in two var ie t ies showed that most of the 
t rea tments were not capable of inducing significant differences in the 
mean pod length. However, the pod length shifted on either side of the 
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was 0.2% EMS in var.T-9 while the highest reduction in pod length was 
noticed with 0.04% HZ treatment in var. PU-19 (Tables 29«S:30). 
It is clear from theTables that most of the treatments showed high 
values of phenotypic and genotypic coefficients of variation. HZ 
treatments were found to be much affective over the other two mutagens 
in inducing higher values of genotypic coefficient of variation in both the 
varieties. 
The estimated genetic parameters like GCV, heritability and genetic 
advance for var.PU-19 were the highest with 0.01 %. HZ while, the highest 
increase in the values of genetic parameters was noticed with 0.02% HZ 
in var.T-9. 
(7) Number of seeds per pod 
The data recorded on seeds per pod are presented in Tables 31 &32. 
The shift in mean was bidirectional, its stretch being more towards 
positive direction. In the mutagenized material, lower concentrations 
exhibited a significant increase in the mean values while the higher 
concentrations of mutagens significantly reduced the mean number of 
seeds per pod in both the varieties. Almost all the treatments of SA 
failed to induce significant differences in mean number of seeds per pod 
in var.T-9 (Table 32). 
The phenotypic and genotypic coefficients of variation increased 
with all the treatments (except for 0.4% EMS in var.PU-19) in both the 
varieties. In var.PU-19, the highest GCV was recorded with SA followed 
by EMS and HZ whereas in var. T-9, HZ treatments showed greater 
response to GCV followed by EMS and SA. The estimated GCV in var. 
e 
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PU-19 (15.97%) was the highest with 0.04% SA treatment whereas in 
var.T-9, the highest value obtained was 15.94% with 0.01 % HZ treatment. 
The heritabihty and genetic advance was maximum with 0 . 3 % EMS 
and 0 .04% SA invar. PU-19, while it was the highest at 0.01%) HZ in 
var.T-9. 
(8) 100- seed weight (g) 
The results analysed for 100-seed weight are presented in Tables 
33&34. Positive shift in mean values (except with 0.1 and 0 .4% EMS in 
var.PU-19; 0.02 and 0.04%».HZ in var.T-9) was observed for 100-seed 
weight in both the varieties. Although the mean 100-seed weight showed 
improvement, the difference was not much wide over the controls. 
The phenotypic and genotypic coefficients of variation increased 
over the controls with few except ions . The genotypic coeff ic ient of 
variation was higher in the treated population of var.PU-19 than in var. 
T-9.The highest phenotypic and genotypic (15.76 and 10.20 per cent 
respectively) coefficient of variation was observed with 0.2%) E M S in 
var. PU-19. The highest phenotypic (11.1 8%) and genot \ pic (6 .94%) 
coefficient of variation was obtained at 0 .3% EMS in var.T-9. 
The mutagenized popula t ion of both the var ie t ies d i sp l ayed an 
increase in heritability over the controls for this trait also.The estimated 
heri tabi l i ty was the highest with 0.04%) HZ (62.21 %o) and 0.03%) SA 
(60.22%o) in the varieties PU-19 and T-9 respectively. 
The treatments of HZ and SA gave the highest values of genet ic 
advance with 0.04% HZ and 0.03%o SA showing 2 0 . 6 7 % and 12 .16% 
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heritability was also observed with some treatments of mutagens in the 
two varieties. 
(9) Total plant yield (g) 
Data recorded on yield per plant are presented in Tables 35&36. 
The mean shifted in positive direction, with afew exceptions in the mutagen 
treated population. The moderate concentrations of the three mutagens 
showed a significant increase in mean yield per plant in both the varieties. 
The phenotypic and genotypic coefficients of variation increased 
considerably in the treated population ,except with 0 .02% SA in var PU-
19 and 0.02 and 0.04% of HZ treatments in var T-9. 
The heritability values were considerably high wi th most of the 
mutagenic treatments in both the varieties, indicating that significant gains 
could be expected from selection. Heritability was at its peak (70.88%) 
at 0.2% EMS and 0 .02% HZ (62.74%) in the varieties PU-19 and T-9, 
respectively. 
The mutagenized population recorded high values of genetic advance. 
The highest values obtained reached up to 26.22 and 22.76 per cent in 
varieties PU-19 and T-9 respectively. High heritabilit>' was found to be 
associated with high genetic advance in some of the treatments. 
4.3 Studies in M^ generation 
The quantitative variability induced by the three mutagens nameK 
EMS, SA and HZ in M^ generat ion was evaluated after screening of 
desired progenies of M^ generation. Studies on all the nine quantitative 
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4.3.1 Quantitative traits 
(1) Days to flowering 
Data recorded on days to flowering for the two varieties of urdbean 
are presented in Table 37. The reduction in mean days to flowering was 
statistically significant for most of the treatments in both the varieties. In 
var. PU-19 the period of flowering was reduced by about 4 to 5 days 
compared to control. 
The values of phenotypic and genotypic coefficients of variation, 
heritability and genetic advance were slightly decreased as compared to 
M^ generation but were still higher than the respective controls of two 
varieties. 
(2) Plant height (cm) 
Table 38 shows that an increasing m u t a g e n i c concentrat ion has 
consistently decreased the mean plant height (except with 0 .03% HZ in 
var. PU-19) in both the varieties. The reduction in mean height was less 
in M3 than M^ generation. 
Genetic parameters viz; variance (PCV and GCV), heritabilit>' and 
genetic advance increased with most of the mutagenic treatments. The 
values of such parameters for plant height were observed to be higher in 
var. PU-19 than in var. T-9. In var. PU-19 , the max imum heritabili t \ 
(58.80%) and genetic advance (13.52%)) was achieved with 0.3%) EMS 
treatment. 
(3) Days to maturity 
Data on days to maturity are presented in Table.39. As evident from 
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71 
varieties. Early maturity by 3 to 5 days was recorded with EMS and HZ 
treatments in var. T-9. Mutagenic treatments which induced early flowering 
did not equally reduce the days to maturity. 
All mutagenic treatments increased the phenotypic and genot>'pic 
coefficients of variation in both the varieties, the values varying with 
different mutagenic treatments. The estimated values of heritabilits' and 
genetic advance were higher in var. T-9 than those of var. PU-19. On the 
whole, the values of genetic parameters were low in M^ in comparison 
with the values obtained in M2 generation. 
(4) Number of fertile branches 
Mean values for the number of fertile branches per plant increased 
significantly over control in all mutagen treatments used in the present 
study (Table 40). Number of fertile branches was found to be higher in 
M3 than M2 generation. HZ treatments proved to be more affective than 
the other two mutagens (EMS and SA) with regard to this trait. 
Genetic parameters like genotypic coefficient of variation, heritabilit\ 
and genetic advance increased over control population. Genotypic 
coefficient of variation (10.47%) and genetic advance (17.43) was the 
highest with 0.03% SA in var. PU-19. However, the highest values of 
genetic parameters for var. T-9 were obtained at 0.2% of EMS treatment. 
High values of heritability were generally associated with high genetic 
advance in both the varieties. 
(5) Number of pods /plant 
A comparison of number of pods in the treated and control 
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treatments of mutagens in both the varieties. The mean values for the 
treated population differed significantly from the control. 
The phenotypic and genotypic coefficients of variation were 
uniformally high with all the treatments in both the varieties. The highest 
phenotypic (6.02%) and genotypic (3.53%) coefficients of variation were 
observed with 0.02% SA in var. PU-19 whereas the highest values obtained 
were 7.94% and 5.05% for var. T-9 at 0.2% of EMS treatment. 
Moderate heritability was exhibited by most of the mutagenic 
treatments in both the varieties. The estimated genetic advance also 
showed a slight gain over control. 
(6) Pod length (cm) 
From the data presented in Table 42, it may be inferred that the 
mean values of the treated population of var. PU-19 did not differ 
significantly from that of control in most of the mutagenic 
treatments.However, there was a significant increase in mean pod length 
in var. T-9 with almost all the treatments of mutagens. 
With regard to the genetic parameters, variability was slightly higher 
in some of the mutagenic treatments and in others it was lower than the 
control population of the two varieties. The highest values of genetic 
parameters were observed with 0.02% HZ treatment in var. T-9 followed 
by var. PU-19 treated with 0.2% EMS. Low heritability and genetic 
advance were recorded in most of the treatments of the mutagens used. 
(7) Number of seeds per pod 
The data presented in Table 43 shows that there was a significant 
increase (except with 0.03% SA in both varieties) in the number of seeds 
e 
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per pod compared to control in all the t reatments of the mutagens. The 
values of genetic parameters increased over the control populat ion of 
both the varieties. Low to moderate heritability was observed for number 
of seeds per pod. The highest values of heritability observed were 58.24 
per cent with 0.3% EMS and 50.61 per cent with 0.03% HZ in the varieties 
PU-19 and T-9 respectively. 
The maximum estimated genetic advance (19.75 and 22.74 per cent) 
coupled with high heritability was achieved with the above treatments 
( 0 . 3 % of EMS to 0 .03% HZ). 
(8) 100-Seed weight(g) 
From the data presented in Table 44 , it can be inferred that each 
mutagenic treatment selected for M^ generation exhibited an increase in 
mean values for 100- seed weight. The shift in mean was thus, positively 
significant. 
Estimates of genetic parameters revealed a good degree of variability 
for 100- seed weight in both the var ie t ies . A m o n g the mutagens used, 
EMS treatments gave higher values of PCV and GCV in var.PU-19, while 
such values were higher with SA treatments in var. T-9. 
The highest estimated heritabil i t \ ' (43 .75%) and genetic advance 
(9.10%)) was obtained with 0.02%) HZ treatment in var. PU-19, while the 
var. T-9 gave the highest heritabilit>' and genetic advance (59.25 and 11.23 
per cent, respectively) with 0 .2% EMS treatment. 
(9) Total plant yield (g) 
The data on total yield per p lan t is p resen ted in Table 4 5 . Mean 
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varieties. Higher treatments in var. PU-19 and lower treatments of mutagens 
in var. T-9 proved to be affective in increasing the mean yield per plant. 
The phenotypic and genotypic coefficients of variation, heritability 
and genetic advance increased in the mutagen treated material. The highest 
values of genetic parameters were observed with 0.02% of HZ treatment 
in var. PU-19, whereas in var. T-9, 0.02% of SA gave the maximum 
values of heritability and genetic advance. 
4.4. Evaluation of performance of high yielding mutants 
The details of the mutants evaluated in M^ generation are presented 
in Table 46. Certain mutants which showed distinct superiorit> over the 
control plants of varieties PU-19 and T-9 were selected in M^ generation 
and grown in plant progeny rows to raise M^ generation. The performance 
of the mutants with regard to the seed yield per plant, associated with 
yield contributing traits viz; fertile branches per plant and pods per plant 
were evaluated in the present investigation. The frequency of such mutants 
was however low, considering the size of the population. 
Estimates of mean values, shift in mean, range and genetic parameters 
like genotypic coefficient of variation, heritability and genetic advance 
for the isolated mutants and their parents (controls) are presented in 
Tables 47 & 48. It is evident from the tables that the mean values of 
quantitative traits of isolated mutants showed a tremendous increase 
over control. The range was fairly wide among mutant progenies and 
differed from trait to trait. Among the mutants isolated in two varieties, 
the maximum increase in mean number of fertile branches (10.13), pods 
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PU-19-D isolated with 0.02% of HZ treatment in var. PU-19 (Table 47). 
In var. T-9, the mutant T-9-B (Plate VI; Fig. 5) displayed the maximum 
increase in mean values for fertile branches per plant (8.93), pods per 
plant (43.86g) and total plant yield (14.48) obtained with the similiar 
mutagenic treatment (Table 48). The phenotypic and genotypic coefficients 
of variation associated with moderate to high heritability values as 
observed with the mutant progenies reflects the expected gains achievable 
in later generations. All the mutant traits showed enhanced genetic 
advance. 
Since yield per plant is the most desirable trait to be looked in to, 
gains made in genetic parameters are sufficiently large to carry on affective 
selection in later generations. This is futher supported by the observation 
that the values of coefficients of variation for yield per plant are closly 
related thus indicating that heritability estimates possess sufficient 
proportion of genotypic variation. 
4.5 Phenotypic Correlation 
Results obtained on the phenotypic correlation among various 
character pairs of the mutants isolated from the two varieties in M3 
generation are presented in Table 49. 
4.5.1 Fertile branches vs. pods per plant 
Fertile branches per plant exhibited positive corretation with pods 
per plant in the mutants (except for PU-19-D& T-9-A), though it was 
significant in PU-19-A (0.2% EMS) only.The mutant PU-19-D had 





























































































































































































































4.5.2 Fertile branches vs . y ie ld per plant (g) 
Fertile branches showed posit ive correlation with yield per plant in 
all the mutants with the exception of PU-19-C (0.02%SA). Significantly 
positive correlation of fertile branches per plant with yield per plant was 
observed in the mutant PU-19-A (0 .2% EMS). 
4.5.3 Pods vs. yield per p lant (g) 
Pods per plant showed significant and positive association with yield 
per plant in all the mutants isolated in M^ generation. The mutan t s viz; 
PU-19-B ( 0 . 3 % EMS), P U - 1 9 - D (0 .02% HZ), T-9-A ( 0 . 0 2 % S A ) and 
T-9-B (0.02% HZ) expressed highly significant association between the 
above two traits. 
Control population of the variet ies PU-19 and T-9 have exhibi ted 
negative and non-significant association of fertile branches per plant with 
pods per plant and yield per plant. 
4.6 Seed protein content 
Data on mean values, shift in X, range, coefficient of variat ion and 
correlation coefficient of the total seed protein content of high yielding 
mutants isolated in M3 generat ion are given in Table 50. T h e mutants 
exhibited an increase in the range of seed protein content over control. 
The mean seed protein content of the isolated mutants increased slightly 
over control except in the m u t a n t PU-19-B (0 .3%EMS) w h e r e it was 
found to be lower than the cont ro l population of var ie ty P U - 1 9 . The 
maximum increase (24.76%) in seed protein content was obser\ ed in the 
mutant PU-19-C (0 .02% SA) against control (23.53%,). In var .T-9, the 
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control. It was also noted that with an increase in protein content, the 
values of coefficient of variation decreased. 
Negative correlation of total plant yield with seed protein was 
observed in the mutants except for mutant PU-19-C (0.02%SA) and PU-
19-D (0.02% HZ). Control population of both the varieties had also 
recorded negative association between total yield per plant and seed 
protein content. 
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Chapter-5 
DISCUSSION 
Induced mutagenesis finds a prominent place in the augmentation 
and recreation of genetic variability which was lost by too rigid selection 
or narrow base of germplasm of a crop plant under improvement. The 
potentiality of mutations for this purpose however, depends upon the 
efficiency of induction of mutation to be aimed at, efficiency of screening 
of the mutants and on the nature of induced mutation (Ukai, 1983; Siddiqui 
and Yousufzai, 1988). The enhancement of mutation frequency and the 
alteration of mutation spectrum in a predictable manner remain the all 
times important aspects of mutation research. Increased number of 
mutated genes over a certain threshold essentially needs an extensive 
research for refined methods and treatment conditions. It is often 
suggested that the manipulation of sieves in the mutation process would 
seem one means of obtaining a certain degree of phenotypic specificit>' 
(Siddiqui and Jafri, 1986; Siddiqui et ah, 1988). To ensure a speedy 
generation of variability for a specific trait to be improved , a mutation 
breeder has to go through all basic events met in the methodology to 
ensure a reliable information about the mutagenic sensitivity of biological 
material and the extent of effectiveness and efficiency of a mutagen in 
question. Mutagens vary in their mode of action, effectiveness,efficiency 
and the spectrum of mutations induced. Similiarly, genotypes show 
differential sensitivity towards mutagens even at varietal level. 
Urdbean (Vigna mungo (L.) Hepper) possesses low genetic 
variability due to cleistogamous nature of its flower. Crossing produces 
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too limited variability. Therefore, it was chosen as an experimental material 
for chemical mutagenesis. 
The present investigation was planned to estimate the extent of 
induced genetic variability for nine quantitative traits and the biological 
damage induced by three chemical mutagens viz; EMS, SA and HZ in 
urdbean in the form of immediate effects on seed germination, seedling 
growth, final survival, meiosis and pollen fertility. The observations made 
during the course of present investigation have been discussed in this 
chapter. 
5.1 Biological damage 
The estimation of biological damage induced by chemical mutagens 
helps in determinig the sensitivity of a biological material as well as the 
potency of a particular mutagen. 
In the present study, it was observed that EMS, SA and HZ bring 
about reduction in seed germination, seedling growth and pollen fertility 
in M, generation. Such reduction in these parameters was found to be 
dose dependent. Earlier studies of Khan et al. (1994, 1998a,b) Khan and 
Siddiqui (1996) in mungbean {Vigna radiata),Kumar amd Mani (1997) 
in rice (Oryza saliva) and Arumugam et ah (1997) in Triticale have shown 
a linear relationship between the mutagen dose applied and the parameters 
mentioned above. Plant survival also showed dose dependent reduction 
with mutagen treatments. These results are contrary to the findings of 
Khan (1990) who reported no relationship between the concentrations of 
mutagens and final survival. The reduction in survival of the treated 
population could be due to disturbed physiological processes or 
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chromosomal damage leading to mitotic arrest. Sjodin (1962) considered 
that the embryonal damage due to mutagens becomes apparent at later 
stages of ontogenesis. The reduction in seed germination was much 
pronounced in SA treated population of both the varieties of urdbean. 
SA has been reported to cause delay in the initiation of metabolism 
following germination (Kleinhofs etal.,1978). This results in delay in 
mitotic activity, seedling emergence, ATP and DNA synthesis. Reduced 
and delayed seed germination due to mutagenic treatments may also be 
the result of damage of cell constituents at molecular level or altered 
enzyme activity. 
The growth rate of the seedlings raised from treated seeds exhibited 
decreasing trend from lower to higher concentrations of mutagens. The 
reduction in seedling growth following mutagenic treatment is mainly due 
to the the uneven damage to meristematic cells as a consequence of genetic 
injury.The badly damaged cells would produce few cell progeny and 
growth would recur from those cells which are genetically least damaged. 
This is due to the phenomenon of'diplontic selection'- a selection sieve 
that eliminates aberrancies and regresses to normalcy. Goud and Nayar 
(1968) demonstrated that seedling growth depression may be due to 
inhibition of auxin synthesis. Whatever be the cause of reduced seedling 
growth, the fact remains that chromosomes carrying various genes 
responsible for life processes are the most sensitive structures and damage 
to any part of these vital structures is bound to go a long way in bringing 
about various disorders in the plant or plant organs. 
The extent of decrease in seed germination, seedling height and 
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survival at maturity with an increase in mutagen concentration was not 
uniform in the two varieties studied. Such a differential response has 
been reported earlier also in Oryza sativa (Kawai and Sato, 1965; Akbar 
et al. 1976; Rao and Rao, 1983), Triticum aestivum (Goud, 1967), Vigna 
radiata (Khan and Siddiqui, 1988) and Ipomeapurpurea (Bhate, 1999). 
Comparative mutagenecity of different mutagens in the two varieties viz; 
PU-19 and T-9 reflects the differences in their genome architecture. This 
is further testified by the fact that former is a product of inter-varietal 
hybridization while the latter was developed through selection. Thus it 
can be inferred that the mutagenecity is ultimately determined by genome 
itself. Khamankar (1984) working with tomato (Lycopersicon esculentuni) 
reported that the rate of mutations was dififrerent with different mutagens 
at certain loci. Some of the gene loci affected by one mutagen were not 
necessarily affected by the other. 
/ The chemical mutagens induced variation in shape, size and number 
of colytedonary leaves in the present material. The actual mechanism of 
induction of such anamolies is still unknown. However it is generally 
belevied that disturbance in the proportion of growth hormones may be 
partly responsible for such occurance. Present findings are in agreement 
with the earlier results obtained by various workers in Oryza sativa (B^e 
and Chowdhury, 1968), Lens culinaris (Sharma and Kant, 1975) and 
Vigna radiata (Khan, 1990). The presence of single cotyledonary leaf 
may be due to either cytochemical disturbances or to the acute 
chromosomal aberrations leading to death of leaf primordia of the 
embryonal cells responsible for leaf development. Development of extra 
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cotyledonary leaves on the other hand, indicates the formation and 
involvement of additional leaf primordia or the embryonal cells. 
Leaf shape is an important characteristic which finally governs the 
plant form. Most of the treatments of EMS and HZ induced variation in 
leaf shape and number of leaflets. The frequency of such abnormal leaves 
increased with the increasing concentrations of the mutagens. Blixt (1972) 
reported that leaf aberrations seemed to be closely related to the actual 
mutation process. The altered metabolism as a result of cellular damage 
may also be one of the reasons for leaf abnormalities. Hake and Sinha 
(1991), Chasan (1992), Smith and Hake (1992), Chaudhary and S inha 
(1998) and Kumar e/a/. (1999) reported leaf mutants in various crop 
plants.An interesting feature observed in the present investigation was 
the induction of tetra and pentafoliate leaf trait. The mutant showed 
moderate yield and exihibited late maturity. Its genetic control remains to 
be determined as there was no segregation in the subsequent selfed 
generations raised from the M^, M2 and M^ plants. Since segregation for 
the specific trait appeared absent, probability of the occurence of 
cytoplasmic mutation cannot be eliminated. To determine this, reri'^rocal 
crossing, using the plants with altered phenotype as the male and the 
female parents, should conclusively determine the cytoplasmic mutational 
status of this mutant. According to Salnikova(1995),induction of mutation 
and crossing over at the same time in the cells of a treated seed is a 
unique property of some chemical mutagens. This causes homoz>'gosity 
for the mutated trait already in the reproductive tissues of the plants 
raised from mutagen treated seeds . Such Mj progeny is notable for lack 
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of segregation in M^ generation. 
Meiosis is genetically the most significant activity of an organism, 
consisting of a highly coordinated physiological, biochemical, cytogenetic 
and phenotypic events which lead to gene recombination, chromosome 
reduction and gamete formation (Kaul and Singh, 1991). Although these 
changes are continuous, mutation of any of the genes disrupts meiosis 
and culminates in gametic sterility and other abnormalities. Therefore, 
study of the meiotic behaviour of mutagenized population forms a reliable 
index for estimating the type of effects of mutagens. As a result of 
mutagenic treatments, the plants showed varying degree of meiotic 
irregularities. These irregularities were found to be dose dependent. Variety 
T-9 showed an increased frequency of abnormal i t ies over var. 
PU-19. Moreover, the mutagens differed in the extent of induced meiotic 
aberrations. EMS treatments induced the highest frequency of meiotic 
abnormalities followed by HZ and SA in both the varieties. Dose 
dependent increase in frequency of different chromosomal aberrations 
has also been reported in mungbean (Ignacimutha and Babu, 1989), 
lentil (Reddy and Annadurai 1992), tomato (Zeerak, 1992) and fenugreek 
(Anis and Wani, 1997). That SA treatments cause relatively few aberrations 
at chromosomal level has also been reported in Hordeum vulgare (Nilan 
era/.,1973;Sandere/a/.,1978Kleinhofsera/., 1978). The differences in 
the degree of induced chromosomal aberrations among the three mutagens 
may be related to the difference in their efficiency as well as mechanism 
of action. 
Various types of chromosomal abnormalities observed in the present 
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investigation included the formation of univalents, multivalents, laggards, 
bridges, micronuclei along with precocious separation, stickiness of 
chromosomes, nucleolar fregmentation and cytoplasmic amalgamation 
(cytomixis) of PMC's. The occurance of univalents indicates non 
homology between certain chromosomes in the complement. The 
chromosomes may fail to pair because of the alteration of linearit>' of 
genes in them due to translocation and inversion induced by mutagenic 
treatments so that at early prophase homologous chromosomes do not 
lie side by side. According to Sarbhoy (1971), the univalent is either a 
chromosome which altogether failed to pair at zygotene or is one which 
paired to form a bivalent but whose two component chromsomes 
separated at diplotene because of the absence of chiasma formation 
between them or else it is due to precocious anaphasic separation of 
bivalent. The precocious separation and univalents at metaphase should 
be viewed together because the former invariably leads to the latter. 
The multivalents were observed only at the higher concentrations of 
the three mutagens. Chaghtai and Hasan (1979) reported the occurance 
of multivalents with the increasing concentrations of EMS, MES and 
MMS in Lens culinaris and suggested that translocations may have been 
produced due to terminal affinities of chromosomes.Gamma rays and 
EMS treatments have also been reported to induce the formation of 
multivalents in Vignaradiata (Ignacimuthu and Sakthivel, 1989) and 
Lens culinaris (Reddy and Annadurai, 1992). Almost all the mutagenic 
treatments induced a high degree of stickiness among the bivalents which 
adversely affected the normal disjunction.Sticky chromosomes may be 
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due to the delay in chromosome separation caused by disturbance at 
cytochemical level. Misorientation of chromsomes at various stages of 
cell division could be due to the disturbances in the behaviour of spindle 
or its dissolution. 
Low frequency of anaphasic bridges were observed with EMS and 
HZ treatments in the present investigation. They may have been produced 
due to sub-chromatid exchanges, unequal exchange or dicentric 
chromosomes. The occurance of breaks at the same locus and their lateral 
fusion leads to the formation of dicentric chromosome which is pulled 
equally to both the poles forming a bridge (Anis et ah, 1998). Another 
striking reason seems to be the delay or failure of terminalization of 
chiasmata as a result of which the ends of separating chromosomes 
remained midway between the two poles. The present finding are in 
agreement with the earlier results of Jayabalan and Rao (1987) in tomato 
and Mitra and Bhowmik (1996) in Nigella sativa. 
The micronuclei at dyad or tetrad stage of PMC's in mutagen treated 
population might have resulted due to non orientation of chromosomes 
and laggards since they were of frequent occurance. Micronuclei lead to 
the loss of genetic material. Their presence, therefore, suggests that the 
resultant product of meiotic division is deficient in one or the other 
chromosome. This usually leads to the formation of sterile pollen grains. 
Multinucleolate condition can be explained to a particular genotypic 
change suppressing the organising capacity of nucleolar chromosome 
and inducing the formation of adventitious nucleoli. 
Cytomixis has been viewed as a process limited to genetically 
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unbalanced types like haploids, hybrids and apomictics (Gottschalk, 1970; 
Basavaiah and Murthy, 1987; Bahl and Tyagi, 1988). The present findings 
revealed high incidance of EMS and HZ induced cytomixis in the diploid 
species like urdbean. Cytomixis may occur between cells at different 
stages of division (Gayen and Seirkar, 1996). The intensity of chrmosome 
passage from one cell to the other during cytomixis depends upon the 
number and nature of cytoplasmic connections (Maria de souza and 
Pagliarini, 1997). Thus the formation of hypo-,hyper and polyploids is 
possible through cytomixis.Soodan and Wafai(1987) reported 
spontaneous occurance of cytomixis in Prunus amygdahis and 
P. persica. The role of cytomixis in the evolution is not yet clearly 
understood. However, the possibility of occurance of spontaneons 
polyploids through cytomixis in nature cannot be entirely ruled out. 
According to Sapre and Deshpande (1987) and Yen et a/ .(1993), 
occurance of cytomixis is a source of production of aneuploid and 
polyploid gametes. In the present investigation, although no visual transfer 
of chromosomes through cytoplasmic connections could be detected, 
the formation of cytoplasmic channels between two or more cells at 
different places in the cells suggests that screening of EMS and HZ treated 
population for varied ploidy level and its utilization in plant breeding can 
yield interesting results. 
Although some six per cent pollen sterility occured in control plants 
also, the magnitude of steril i ty increased with the mutagenic 
concentrations. The descending order of the amount of pollen sterility 
induced by three mutagens was; EMS, HZ and SA. Increase in pollen 
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sterility seems to be fairly related with the increasing meiotic aberrations 
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in the present study. The chromosomal aberrations are probably the major 
effect of EMS and HZ induced pollen sterility. In addition to chromosomal 
aberrations, some genie and physiological changes might have caused 
sterility. That a high degree of pollen sterility is caused by chemical 
mutagens when applied in high concentrations was reported in khesari 
(Kumar and Dubey, 1996) and mungbean (Khan et al., 1998 a,b). Ali and 
Siddiq (1999) reported that among the three mutagens;gamma rays, EMS 
and SA, the male fertility was affected the most with SA treatments in 
rice. Contrary to this finding, SA proved to be less toxic with regard to 
meiotic aberrations and pollen sterility in urdbean. The sterility induced 
by it seems to be more genie and less chromosomal. The percentage of 
pollen sterility was relatively less in M^ than in Mj generation which shows 
that some sort of compensatory mechanism might have operated in the 
intervening period. Reports of Khan et a/.(l 998b) in mungbean and Tiwari 
(1999) in barley support these results . 
For most of the quantitative traits studied in M, generation, no 
appreciable change in mean values was observed. This may be due to 
the fact that macromutations were excluded from the assessment of mean 
values and data were recorded on normal looking Mj plants only. 
5.2 Chlorophyll mutations 
Because of their easy identification, chlorophyll mutations form a 
reliable index in the evaluation of mutagenic effects and estimation of 
mutational events. From breeders's point of view, the frequency of 
chlorophyll mutants expressed as per cent of M population seems to be 
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more realistic and helpful. Therefore, results were explained on M^ plant 
basis in the present investigation. The frequency of chlorophyll mutations 
was found to be concomitant with the concentrations of EMS in both the 
varieties, whereas in SA and HZ treatments, it was not proportional to 
the increasing concentrations. Dose dependent increase in mutation 
frequency was earlier reported in mungbean (Grover and Virk, 1984; Khan, 
1990). The decrease in chlorophyll mutation frequency as observed in 
the highest treatments of SA and HZ can be attributed to saturation in the 
mutational event which may result in an elimination of mutant cells during 
growth. Out of six types of chlorophyll mutants recorded in M2 generation, 
'xantha' followed by 'chlorina' types were predominant in both the varieties 
of urdbean. Kharkwal (1998b) while working with ch ickpea 
{Cicer arietinuni) also reported that the chemical mutagens produced a 
high frequency of the above two types of chlorophyll mutants . 
Predominance of xantha mutants suggests that genes for xanthophyll 
development are readily available for mutagenic action. A high frequency 
of chlorophyll mutants induced due to EMS and HZ in both the varieties 
can be related to their preferential action on chlorophyll development 
genes (Reddy and Annadurai, 1991). The frequency of chlorophyll 
mutations induced by SA was less than that of EMS and HZ. Low 
chlorophyll mutation frequency in SA treatments may be due to the 
inhibition of catalase and peroxidase and an increase in peroxide 
concentration in the cell (Kleinhofs et al., 1978). 
Discrepencies regarding the mutation frequency for even similar 
treatment in the two varieties of urdbean suggests a possible influence of 
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genome on mutagenic potency. Inter-varietal differences with regard to 
the mutation frequency as observed in the present study confirm the 
recent findings of Singh etal, (1998) in rice and Ahmed John (1999) in 
cowpea. 
5.3 Mutagenic effectiveness and efficiency 
Mutagenic effectiveness relates mutagen dose to the mutational events 
while mutagenic efficiency shows the proportion of mutations in relation 
to the undesirable changes like seedling injury, pollen sterility and meiotic 
abnormalities caused in Mj generation. Chlorophyll mutation frequency 
was taken in to consideration in both the methods of evaluating the 
potency of mutagens. The order of mutagenic effectiveness as determined 
on M^ plant basis was; HZ> SA> EMS. Contrary to the earlier reports of 
various workers (Monti, 1968; Prasad, 1972;Nerker, 1977; Sharmaand 
Sharma, 1979), EMS proved to be less effective than HZ and SA in both 
the varieties. However, Khan and Hashim (1979) and Khan and Siddiqui 
(1992a) found EMS to be less effective but more efficient in mungbean. 
The difference in molar concentration and/ or in the genotypic response 
appear to be the reasons for low values of its effectiveness. 
Mutagenic efficiency has more practical value to the breeder than 
the mutagenic effectiveness. This is because of the fact that an increase 
in mutation rate cannot be completely achieved at the expense of maximum 
biological damage induced by the mutagens. Therefore, the values of 
efficiency provide an idea of the extent and type of damage caused by a 
mutagen in question. Mutagenic efficiency varied depending upon the 
criterion chosen for its estimation. In the present investigation, mutagenic 
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efficiency decreased with an increase in biological damage. The most 
desirable mutagen would be one which causes less damage and yields 
maximum useful mutations. HZ proved to be efficient with regard to 
seedling injury and pollen sterility. The maximum meiotic aberrations were 
induced by EMS, therefore, it proved to be the least efficient with regard 
to meiotic abnormalities. On the basis of various criteria selected for 
mutagenic effieciency, the results have indicated that an efficient mutagen 
may not be always the effective one. Konzak et al. (1965) in bzirley and 
Khan and Siddiqui (1992a) in mungbean have drawn similiar conclusion. 
Kumar and Mani (1997) reported that the genetic architecture of an 
organism is a potent factor in determinig the effectiveness and efficiency 
of mutagens. 
5.4 Morphological mutations 
Mutants showing changes in their morphological features were 
isolated on the screening of M2 population. These mutants differ from 
control and also among themselves in height (dwarf, semidwarf, tall), 
growth habits (prostrate and trailing), flowering and maturity period. The 
frequency of morphological mutants differed in different mutagenic 
treatments and also in the two varieties used in the present investigation. 
The range of such mutants was relatively wide with HZ treatments 
followed by EMS and SA. Variety PU-19 gave higher frequency of 
morphological mutants than variety T-9. This reflects to differences in 
their mutagenic sensitivity. A high frequency and broad spectrum of 
morphological mutants induced by HZ in comparison to EMS has been 
reported in Hordeum vulgare (Kak and Kaul, 1975 ) and Sorghum bicolar 
91 
(Reddy and Smith, 1984). Various investigators suggested that such 
mutants might be either a result of pleiotropic effects of mutated genes 
or a cryptic chromosome deletion. 
It is commonly known that nearly all the mutated genes show a 
negative selection value. According to Gottschalk (1987), an 
agronomically useful trait is part of a pleiotropic pattern, so it cannot be 
used for breeding purpose in those cases where a negative trait belongs 
to the same pattern. Most of the mutants isolated in the present 
investigation exhibited negative selection value; these might be useful to 
plant breeders as a source of combination breeding programme. However, 
few mutants with erect and compact habit appear promising for 
commercial cultivation.Bold seeded mutants, obtained with HZ treatments 
indicate that selection for seed size could be fruitful for increasing seed 
yield. 
5.5 Quantitative t rai ts 
The nature and extent of genetic variability available within the species 
forms the basis of affective selection for economic traits under 
improvement. It is now an established fact that mutagen derived variability 
is heritable and response to selection is good. The best use of 
micromutations in the polygenic system for improvement of crop plants 
is demonstrated from the extensive research caried out by various workers 
(Gregory, 1965; Brock, 1965; Gaul etal. 1969; Swaminathan, 1969 and 
Khan, 1985a,b, 1986). However, the yield contributing genes have three 
peculiarities to be considered while applying mutagenesis pathway for 
affecting improvement. These include (i) quantitative nature of inheritance 
92 
of yield (ii) strong environmental influence on the expression of yield 
genes (polygenes) and (iii) the environment that a mutant/ mutated gene 
might need for the best expression of a trait may not be identical with the 
requirements of parent variety. 
In some earlier studies on the use of mutations for quantitative trait 
improvement, it was found that the traits differ in their response to 
mutagenic treatments. Variance level may be less responsive in one trait 
and highly responsive in the other (Sharma, 1995). Moreover, the direction 
of polygenic mutations depends on the genotypic background of material 
under study ( Loesch, 1964). Thus the genetic improvement of such 
traits in turn depends upon the magnitude of genetic parameters and the 
breeding methodology adopted. Estimates of genetic parameters like 
genotypic coefficient of variation, heritability and genetic advance are 
therefore needed to formulate suitable breeding procedures and to forsee 
the possibility up to which a particular trait could be improved. 
In the present investigation, data on nine quantitative traits were 
analysed to assess the extent of induced variability in M2 and M3 
generations of two varieties viz; PU-19 and T-9 of urdbean. 
The extent of variability induced by three chemical mutagens differed 
from trait to trait. Study of the direction of shift in mean values of a 
quantitative trait ascertains whether mutation breeding can be resorted 
for the ihprovement of a trait under reference. Although mean shifted on 
either side of the control mean, most of it went towards the positive 
direction in case of fertile branches per plant, pods per plant, 100-seed 
weight and total plant yield. Enlargement in the range of variability for 
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yield and its components is therefore indicative of a wide scope for 
selection. 
The mean values for days to flowering, plant height and days to 
maturity decreased significantly after the mutagenic treatments. The 
decrease in mean values for days to flowering is presumably due to the 
predominant incidance of micromutations for this trait. Kaul (1980a) 
suggested that the mutation of two dominant genes to their recessive 
forms makes for an early flowering in peas(Pisum sativum). The average 
number of days to flowering was not much altered in some of the 
treatments which suggests that mutations in major and minor genes had 
been in both the directions.i.e. for earliness as well as for lateness. Early 
flowering mutants were also reported by Subba Rao (1988) and Khan et 
a/.(1998b) in llgna radiata and Tiwari (1999) in Hordeum vulgare. 
Drastic effects of all the three mutagens on plant height in both the 
varieties were visible in M, and M^ generations. Treatments of SA gave 
the maximum reduction in plant height in both the varieties. As a 
respiratory inhibitor, azide may inhibit an energy system resulting in 
inhibition of mitosis which can be associated with depression in plant 
growth. SA and HZ are know to induce accumulation of hydrogen 
peroxide in the cells. Subba Rao (1988) has attributed the growth 
depression to slow rate of cell division, decreased amylase activity and 
increased peroxidase activity. Such a correlation between the enzyne 
activities and growth has also been reported by Rao (1980) and Rao and 
Rao (1982). Reduction in growth due to EMS seems to be due to its 
exceptionally high potency of inducing chromosomal breakages. 
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Significant gains in reducing the mean days to maturity by 4 to 5 
days in M3 generation resulted due to EMS and HZ treatments in both 
the varieties. Early maturity would be ideal for a crop like urdbean where 
the drought approaches at pod filling stage in summer in this region. In 
the present study, the mean performance of yield and yield components 
in M3 was found to be superior to M2 generation, possibly in consequence 
of the purposeful elimination of abnormal plants and genetic changes 
induced in the polygenic system. The mean number of fertile branches, 
pods per plant, seeds per pod and 100-seed weight have shown a 
considerable increase over control. However, the increase in the number 
of fertile branches has not affected the mean number of pods significantly 
as was usually expected. Results on correlation between fertile branches 
per plant vs. pods per plant of the mutants isolated in M3 has led the 
author to conclude that although a slight gain in plant yield may be 
expected after the increased number of branches, increase in the number 
of pods per cluster on them makes a marked difference in determining 
yield per plant in urdbean. It is further clear from the results that the 
number of pods are positively correlated with total yield per plant while 
fertile branches per plant generally exhibit insignificant correlation with 
number of pods and yield per plant.An increase in the number of pods 
per plant is obviously due to an increase in the number of flowers. Verma 
and Singh (1984) reported a gradual decrease in number of pods and 
seeds per pod after treatments with gamma rays inVigna radiata. 
Different treatments of the mutagens did not make much difference 
in the mean pod length in var. PU-19 of urdbean. It seems to be a stable 
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character. However, large poded mutants were obtained with certain 
mutagenic treatments in var. T-9 where the mean pod length exceeded 
4.75cm, in contrast to the mean of control remaining at 4.06cm. It was 
also observed that these large poded mutants could not contribute much 
towards seed yield as the total number of pods per cluster was much 
less in comparison with pods measuring in length of 4.06cm. 
A negative shift in mean values for number of seeds per pod was 
noted at higher mutagenic treatments in M^ generation. Khan, (1985a) 
assumed this depressive effect to be due to high sterility induced by 
higher doses of mutagens. Bhatia and Swaminathan (1962) attributed such 
an effect to the incidenclof detrimental mutations in higher frequencies. 
However, the mean number of seeds per pod increased slightly in all the 
mutagenic treatments in both the varieties in M3 generation. This is 
becacuse the lower and moderate mutagenic concentrations were selected 
to raise M3 generation. 
The criterion of 100-seed weight is a reliable source of measuring 
yielding ability in pulses. Contrary to the findings of Jana and Roy (1971) 
in Oryza sativa and Abidi and Haq (1971) in Brassica campestris, in the 
present investigation, 100-seed weight has increased over control with 
most of the mutagenic treatments in both varieties of urdbean. This trait 
has been reported to be governed by a relatively smaller number of genes, 
unlike other polygenic traits (Khan, 1990). 
The grain yield of a crop is a complex trait and the fmal product of 
action and interaction of various parameters(Singh et a1.,\ 998). The mean 
plant yield increased in M^ generation except at higher concentrations of 
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the mutagens and in M, generation, there was a complete positive trend 
in the mean values of seed yield per plant in all the treatments selected in 
both the varieties. SA and HZ treatments were affective in raising the 
seed yield by 2-3g per plant in both the varieties. Bhatia and Swaminathan 
(196^), working with wheat concluded that the mean of the irradiated 
population where no selection has been applied with regard to a specific 
trait tends to go dowTi in comparison to control. Affective selection could 
lead to elimination of aberrant plants and progenies could be obtained 
which show greater mean and variance due to genetic nature of the changes 
induced by mutagens. In the present investigation, increase in mean seed 
yield per plant may be due to the selection of normal-looking plants in 
M^ which led to elimination of aberrant plants and also due to changes 
induced at genetic level. Gaul (1964) suggested that the selection process 
should be delayed untill M3 or later generations following mutagenic 
treatment. However, the selection of progenies on the basis of desirable 
mean and greater variance in M2 was found to be highly useful in the 
present study. 
The data revealed that mutations affecting the quantitaive traits are 
random in the two varieties studied. This may be because both the 
varieties (PU-19 and T-9)had not reached the peak in their performance 
and still retained the capacity for affectively utilizing mutagenic changes 
in positive way for yield and its components. This can be connected 
with the history of selection of these varieties which were developed 
through inter-varietal hybridization (PU-19) and selection (T-9). 
The components of genetic and non-genetic variance were studied 
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with the help of genetic parameters like phenotypic coefficient of variation 
(PC V), genotypic coefficient of variation (GCV), heritability (h^) in broad 
sense and genetic advance (GA) as per cent of mean. The quantitative 
traits showed a wide range of phenotypic variation. The magnitude of 
phenotypic variation, however does not reveal the relative amount of 
heritable (genetic) components of variation. The study of components 
of variation revealed that all the mutagenic treatments used in the present 
investigation have induced a high genotypic coefficient of variation for 
polygenic traits and the degree of increase has differed with the mutagenic 
treatments and the character under study. The GVC was found to be 
higher for yield and yield components while it was comparatively lower 
for days to flowering, plant height and days to maturity in M2 generation. 
The GVC did not increase with increasing concentrations of various 
mutagens used. Genetic variability was reported to have increased in 
barley with the increasing dose of gamma-rays (Gupta, 1970); the 
relatipnship between dose and variance was not linear in rice (Yamaguchi, 
1964). Gonzalez and Frey f i ^ 65) concluded that the magnitude of induced 
gentic variability was influenced by the trait and the genotype treated. 
Lack of a consistant dose-response relationship may be due to an 
additional uncontrolled environmental variation. 
Heritability is of great interest to plant breeder as a measure of the 
value of selection for particular trai t and also as an index of 
transmissibility. Since the values of heritability depend upon the magnitude 
of all the components of variance, a change in any one of these may 
affect it. In the present investigation, heritability estimates for quantitative 
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traits increased over control with a few exceptions in both the varieties. 
The traits such as days to flowering, plant height and days to maturity 
were found to have a high heritability. Heritability estimates for yield and 
yield contribiting traits were low to moderate. Low heritability for yield 
has been reported by earlier workers in some other crops like sorghum 
(Swarup and Chaugale, 1962) and rice (Kaul and Kumar 1983). The 
disparity in results could be due to the fact that heritabilit>' is a property 
not only of a trait but also of the population, environment and the 
circumstances to which the genotypes are subjected to. 
Heritability estimates for quantitative traits were lower than the control 
at higher mutagenic treatment in some instances. The decrease in 
heritability in some of the treatments indicates that even though GVC has 
increased with the mutagenic treatment, the ratio of its increase was not 
at par with the total phenotypic variance which has also increased. In 
general, heritability estimates for most of the quantitative traits showed a 
considerable increase in M^ in comparison to M3 generation, indicating 
that these traits could be transmitted to future generations and significant 
gains could possibly be achieved through selection in early generations. 
A rational approach towards the improvement of any crop plant 
involves selection. Genetic advance is indicative of the expected genetic 
progress for a particular trait under suitable selection procedure and 
consequently carries much significance in self pollinated crops like 
urdbean. Heritability in conjunction with genetic advance is more reliable 
in predicting the effect of selection than the heritability alone, because 
heritability estimates are subject to genotype-environment interactions. 
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The estimated values of genetic advance in per cent of mean differed 
in different mutagenic treatments and also from variety to variety. In 
general, traits viz; fertile branches per plant, pods per plant, 100-seed 
weight and seed yield per plant showed comparatively higher values of 
genetic advance than other traits. Although heritability in the present 
investigation has been calculated in a broad sense, its estimates can be 
reliably followed when the high genetic advance in quantitative traits is 
accompanied by high heritability values. Results obtained on yield and 
yield components are quite encouraging since they possess sufficiently 
high values of heritabilit>- and genetic advance. 
5.6 Productive mutants 
A wide range of variability was observed for the number of fertile 
branches pods and seed yield per plant of the mutants evaluated in Mj 
generation. As evident from Tables 47 & 48, the mutant progenies 
displayed a tremendous increase in mean values for these traits in 
comparison to control. Selection for number of fertile branches, number 
of pods and seed yield per plant in M3 generation was found to be affective 
for all the isolated mutants, as is evident from the manifold increase in 
the values of their genetic parameters in comparison to control and rest 
of the M3 population. All the three traits showd increased values of 
heritabiii'; ^nd genetic advance possibly due to a close resemblance 
between the corresponding values of PCV & GVC indicating that these 
traits can be transmitted to future generations and further improvement 
of these traits is possible in subsequent generations. 
The degree of association of plant characters has been helpful as a 
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basis for selection. A number of significant changes towards the desirable 
side were induced in the correlation coefficients of various pairs of traits 
in the mutants isolated in M^ generation. The correlation among yield 
contributing traits in a population is a composite of the effects of selection, 
gene linkage and pleiotropy (Sehrawat et ah, 1996). The usefulness of 
mutations in weakening, strengthening or altering chracter association 
has been demonstrated in rice (Vilwan and Siddiq,! 973), barley (Morsi 
et al., 1977), lentil (Sharma and Sharma 1981) and mungbean (Khan 
et ah, 1999). If the nature of selection practised in the control and treated 
population is the same, any difference in the correlation coefficients in 
the two populations will be due to the effect of mutagens on gene linkage 
and altered pleiotropic effects of newly mutated genes. However, 
according to Gottschalk (1987) climatic factors can also influence the 
pleiotropic pattern positively or negatively. Such alteration in correlation 
among various traits may be utilized to enhance the rate of selection 
response in a primary trait. In the present investigation, positive and 
significant correlation between pods per plant and yield per plant was 
observed in almost all the mutants as against control (Table 49). A positive 
and significant correlation was also noted between fertile branches and 
yield per plant in the mutant PU-19 -A (0 .2% EMS). This reflects a 
desirable change in plant type after mutagenic treatments which may have 
resulted in increased plant yield. Since the number of pods per plant has 
shown a significant relationship with yield, it is desriable to direct 
selection for these traits. 
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5.7 Seed protein content of the mutants 
Results on the estimates of total seed protein content of high yielding 
mutants isolated in M^ generation showed that the mean protein content 
of mutants did not differ markedly in comparison to control. An increase 
in protein content was associated with a correspoding decrease in the 
coefficient of variation indicating that further improvement in seed protein 
is arduous if not impossible. These results are in agreement with the 
earlier findings of Prasad et al. (1986) in Phaseolus vulgaris. In general, 
negative correlation between total seed protein and yield was observed 
in different mutant lines. This negative correlation appears more general 
than specific. For instance, negative correlations between total protein 
and yield have been reported in cereals and leguminous crops ( Monyo 
and Sugiyama, 1978; Blixt, 1979;Imam, 1979; Kaul 1980 b; Gottschalk 
and Muller, 1982).That protein content is influenced by the interaction of 
gene(s) and environmental factor(s) has been reported in Cicer arietinum 
(Singh et al, 1990), Vigna radiata (Ignacimuthu and Babu, 1989b), 
Hordeum vulgare (Doll, 1972) and in Oryza sativa (Haq et al., 1970; 
Kaul, 1980b). Variation in total seed protein in high yielding mutants and 
their respective controls may also be due to change in environmental 
factors as the experiments were conducted in field conditions. Stability 
in protem content without altering other yield attributes is therefore of 
great importance. It can therefore be inferred that it is comparatively 
easier to increase protein production per unit area by means of high 
yielding genotypes with normal protein content than by genotypes with 
increased protein of seed meal. 
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In brief, the results have revealed that moderate concentrations of 
chemical mutagens used in the present investigation proved to be efficient 
in increasing the genetic variability for yield-oriented selection in urdbean. 
Some isolated mutants possess desirable plant architecture associated 
with high yield and slightly higher seed protein content than their respective 
controls.They can be evaluated in future generations and after 
multilocational trials released as new varieties.Thus the genetic variability 
induced by the chemical mutagens can affectively be exploited for the 





The present study was undertaken using three chemical mutagens 
viz; ethylmethane sulphonate (EMS)- an alkylating agent, sodium azide 
(SA)- a respiratory inhibitor and hydrazine hydrate (HZ)- a base analogue 
on two variet ies v iz ; PU-19 and T-9 of u r d b e a n ( I 7 ^ « a mungo (L.) 
Hepper). An a t tempt was made to explore the poss ib i l i ty of inducing 
genetic variability for nine quantitative traits namely days to flowering, 
plant height (cm) days to maturity, number of fertile branches per plant, 
pods per plant, pod length (cm) seeds per pod, 100-seed weight (g) and 
total yield per plant (g). The other aspects of the study were (i) estimation 
of biological damage caused in Mj generation (i i) effect iveness and 
efficiency of chemical mutagens used (iii) frequency and spectrum of 
chlorophyll and morphological mutants, (iv) estimation of variance (genetic 
and non-genetic), heritability and genetic advance (v) screening of high 
yielding mutants and es t imat ion of their seed p ro te in conten t in M^ 
generation. 
The biological damage induced in Mj generation was estimated in 
the form of immediate effects of mutagens on seed germination, seedling 
height, plant survival at maturity, microsporogenesis and pollen fertilit>'. 
A dose dependent reduct ion in these pa ramete r s excep t meiotic 
aberrations in both the varieties was observed with mutagenic treatments. 
However, the m u t a g e n s differed in the ex tent of d a m a g e caused. 
Chromosomal aberrations like univalents, multivalents, laggards, bridges, 
micronuclei, nucleolar fragmentation, stickiness of chromosomes and 
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cytomixis were observed in the treated population.EMS induced the 
maximum whereas SA treatments gave minimum frequency of meiotic 
abnormahties. 
Various types of anamolies in cotyledonary and foliage leaves(shape 
and number) were recorded in the treated population, their frequency 
being maximum with HZ treatments and minimum with SA treatments. A 
wide spectrum of chlorophyll mutations was obtained in M^ generation. 
Their frequency increased with the increasing dose of EMS while the 
frequency was dose independent in SA and HZ treatments. The lowest 
frequency of chlorophyll mutations was recorded in SA and the highest 
in HZ; EMS being intermediate.'Xantha' followed by 'chlorina' type of 
chlorophyll mutants were predominant in both the varieties. 
Mutagenic effectiveness and efficiency differed among the three 
mutagens depending upon the criterion selected for their estimation. In 
general, HZ proved to be the most effective and efficient mutagen. TTie order 
of efficiency with regard to seedling injury and pollen sterility wcis HZ> 
EMS> S A while with respect to chromosomal aberrations, the order of 
efficiency was S A>HZ>EMS. Varietal differences in relation to mutagenic 
efficiency were also noted in urdbean. 
A wide range of morphological mutations were identified in M^ 
population. The extended variability was assessed in terms of mutation 
frequency. The frequency of morphological mutants differed in diffrerent 
mutagenic treatments and also between the varieties. HZ treatments yielded 
higher frequency than EMS and SA in the two varieties of urdbean. 
Attempts were made to ascertain the effect of the mutagenic treatments 
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on mean and the coefficient of variation (CV) in Mj itself. Average mean 
for almost all the quantitative traits remained unchanged in the treated 
population. However, the coefficient of variation differed from trait to trait 
and the highest CV over control was recorded for fertile branches per 
plant.The mean values for traits like days to flowering, plant height and 
days to maturity shifted in both, positive as well as negative direction, its 
stretch being more towards the negative side in M2 generation.The mean 
values for yield and yield components increased in most of the mutagenic 
treatments in M^ whereas M3 generation showed a complete positive trend 
of shift. The genotypic coefficient of variation, heritabiUty and genetic 
advance were substantially enlarged in various quantitative traits in M2 and 
M3 generation after mutagenic treatments. 
Certain mutants, superior to the others in their f)erformance for seed 
yield per plant, were evaluated in order to find out the selection response in 
Mj generation. Increase in mean values of fertile branches, pods per plant 
and seeds per pod was noticed. The other quantitative traits, namely, days to 
flowering plant height, days to maturity and pod length showed no significant 
differences in mean values. However some traits such as pods per cluster, 
seeds per pod and 100-seed weight differed significantly from the control. 
Estimates of PCV, CrCV heritabihty and genetic advance for yield and yield 
components were also recorded to be higher. The increased genetic 
variability in jdeld and its components for these mutants provides scope for 
further selection. 
Phenotypic correlation between various character pairs of the 
mutants isolated in M3 generation showed a positive and significant 
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relationship between number of pods and seed yield per plant indicating 
that the mutagenic treatments could alter the mode of association between 
characters apart from generating allelic variability. 
Seed protein content of M3 mutants showed a slight increase in 
almost all the mutagenic treatments. In general, negative correlation 
between yield and seed protein content was observed in the high yielding 
mutants. The coefficient of variation decreased with an increase in protein 
content in different mutant lines. 
Results showed that moderate concentrations of various mutagens 
poved to be efficient in generating genetic variability in both the varieties 
of urdbean. Therefore, polygenic variability induced by chemical mutagens 
can be affectively exploited in crop improvement programme. 
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Plate-I. Cotyledonary leaf abnormalities in the treated population of urdbean. 
Fig. 1. Control seedling with a nonnal pair of cotyledonary leaves. 
Fig.2. A single cotyledonary leaf. 
Fig. 3. An extra cotyledonary leaves. 
Fig.4. An extra pair of cotyledonary leaves. 
Fig. 5. Three extra cotyledonary leaves. 
Fig.6. Two extra pairs of cotyledonary leaves. 
Fig.7. Deformed shape of cotyledonary leaves. 
PLATE -1 
Plate-II. Abnormalities in shape, size and number of leaflets in the treated 












Fused leaflets with free apices and a leaflet 
PLATE - II 
Plate-Ill. PMC's showing meiotic abnormalities in the treated population of 
urdbean (1-9.10X100). 
Fig. 1. 11 bivalents at diakinesis. 
Fig. 2. 11 bivalents at metaphase. 
Fig. 3. Normal distribution of chromosomes at Anaphase II 
Fig. 4. 4 daughter nuclei at Telophase -II 
Fig. 5. Stickiness of chromosomes at Diakinesis 
Fig.6. Stickiness of chromosomes at Metaphase -I 
Fig.7. Univalents at Metaphase -I 
Fig.8. Stickiness and formation of univalents at Metaphase -I 
Fig.9. Multivalents (3^ 6^^ l"i+F) at Metaphase -I 
PLATE - III 
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Plate-IV. PMC's showing meiotic abnormalities in the treated population of 
urdbean (1018.10X100). 
Fig. 10. Precocious movement of chromosomes at Metaphase-I 
Fig. 11. All 22 chromosomes in the centre 
Fig. 12. Disturbed Anaphase II showing misorientation of chromosomes 
Fig. 13. Cytomixis (Cytoplasmic amalgamation) at Anaphase-I 
Fig. 14. Bridge formation at Anaphase -II 
Fig. 15. Bridge formation at Anaphase -I (IQX40 
Fig. 16. Lagging chromosome (laggard) at Telophase -II 
Fig. 17. Disturbed polarity at Telophase -II 
Fig. 18. Cytomixis and micronuclei at Telophase -I 
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Plate-V. Morphological mutants. 
Fig. 1. A control plant of variety PU-19. 
Fig.2. A dwarf mutant bearing few pods. 
Fig. 3. A semidwarf mutant. 
Fig.4. A tall mutant with moderate yield 
Fig. 5. A multibranched mutant. 
Fig. 6. A dwarf" compact mutant with reduced length of petioles possessing 
light green and narrow long leaflets. 
PLATE - V 
Plate-VI. High yielding mutants isolated in van PU-19 and T-9. 
Fig. 1. Control plant of variety T-9. 
Fig.2. A high yielding mutant in var. T-9. 
Fig. 3. A high yielding mutant possessing long pods in var. T-9. 
Fig.4. A high yielding mutant (PU-19-D) possessing increased number of pods 
percluster in var PU-19. 
Fig. 5. A high yielding bushy mutant (T-9-B) with increased number of pods per 
cluster. 
Fig.6. A high yielding mutant in var. PU-19. 
PLATE - VI 
Plate-VII.Peduncles bearing bold pods, increased number of pods per cluster 
and bold seeds. 
Fig.l. Control (var.PU-19). 
Fig. 2. Increased pods/ cluster and bold pods 
Fig.3. Control seeds of var. PU-19. 
Fig.4. Bold, dull black seed of mutant PU- 19-D. 
Fig.5. Control (var. T-9). 
Fig. 6. Increased pods/ cluster. 
PLATE - VII 
